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A POLYNEURITIC SYNDROME RESEMBLING PELLAGRA- 
ACRODYNIA (?) SEEN IN VERY YOUNG CHILDREN * 


REPORT OF CASES 


ALBERT H. BYFIELD, M.D. 


IOWA CITY, IOWA 


During the past five years’ there have appeared in this clinic 
seventeen patients, all under 4 years of age (five of them being less 
than one year old) who have manifested a group of signs and symp- 
toms out of the ordinary. The resemblance of their malady to pellagra 
was striking, but so many points spoke against such a diagnosis, that 
it was necessary to think of the presence of some other disease. Ex- 
tremes in severity of this affection were encountered, depending usually 
on the duration of the illness, some cases being very mild, others 
ending in death shortly after admission to the hospital. It is possible, 
however, that had we then realized the importance of forced feeding 
as a therapeutic measure, two of the patients who died, might have 
been saved. 


CLINICAL PICTURE 


The disease picture was a complex one, the nervous system and the 
skin being most involved, while the respiratory tract and the digestive 
tract appeared to be less affected. On the part of the nervous system 
the changes were chiefly sensory or trophic in character. Alopecia, 
pulling out of the hair (trichotillomania), falling out of the teeth with 
only slight involvement of the gums; photophobia, and in one case 
double neurokeratitis ; changes in the nails, and reddening of the tongue 
were seen. Paresthesia of the toes and feet, and of the fingers and 
hands was another constant and often most distressing symptom, 
leading the children to rub, scratch and even chew the extremities. 
A diminution in cutaneous sensibility to pin pricks was made out in 
some of the cases but this seemed not to be a constant finding, due 


*From the Department of Pediatrics, College of Medicine, State University 
of Iowa. 

1. This affection was first reported in a paper entitled: A Series of Tropho- 
neuroses Probably Due to Infection, read by title before the Section on Dis- 
eases of Children, J. A. M. A. 68:1851, No. 24, 1917. 
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possibly to the difficulty of making accurate observations in individuals 
so young. The reflexes were diminished in almost all cases, absent 
or increased in some; but the severity of the disease and the degree 
of loss of reflexes did not necessarily coincide. In the more severe 
and even in the mild ones dulness and apathy, alternating with extreme 
restlessness and sleep'essness, and in one instance, delirium, were 
observed. In a clear cut case the patient would often adopt a char- 
acteristic posture, either lying on the side, rubbing the hands or feet, 
or crouching with the head burrowed into the pillow. In few diseases 
seen by me has a clinical picture of such intense wretchedness been 
presented. 

Skin.—The skin manifestations were most uniform, and were quite 
definite as far as the fingers and toes were concerned—less so on the 
trunk. A symmetrical involvement of the fingers and toes, recurring 
at intervals of a fortnight or so, or even tending to be more or less 
constant, was one of the most striking characteristics of-the trouble. 
With the hands and feet cyanotic and cold, especially when the tempera- 
ture of the surrounding atmosphere was low, there appeared a non- 
confluent erythematous rash, most marked at the tips of the fingers 
and gradually diminishing until at the region of the wrist it had quite 
faded away. In some of the cases a small number of fine papules 
rose from these areas of erythema. Confluent erythema was the rule 
on the distal phalanges. Desquamation, most marked at the tips of 
the fingers and toes, growing less toward the region of the wrists and 
ankles was often present. The feet were only slightly less involved 
than the hands. Never was there observed anything like the clear-cut 
line of demarcation between affected and untouched skin as in pellagra. 
When the thorax or the proximal portions of the arms and legs showed 
skin manifestations, these consisted either in a morbilliform breaking 
out or in bullae—the latter being seen only in very severe or advanced 
cases. 

Pustules were uncommon although in one instance death took place 
from deep phlegmon. When an eruption appeared on the body it was 
usually accompanied with paresthesia, and in one instance at least, 
it was so severe that the possibility of a prurigo ferox was considered. 
With the passing away of the body eruption, pigmented spots were 
sometimes left. In two of the cases the cheeks and the tip of the 
nose were involved. The buttocks occasionally showed some skin 
changes but the region of the crotch was usually spared. The back 


of the neck was never seen to have any localized breaking out or scal- 
ing as in pellagra. The skin eruption was at times of short duration. 
In three of the cases the disease ran a course without more than the 
initial erythema which had all but disappeared by the time the child 
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came to the hospital, although the systemic manifestations were still 
present in marked degree. Some desquamation about the finger tips 
was the only evidence of a previous skin affection. 

Hair.—The pulling out and falling out of the hair was present 
in a number of cases which were of more than a month’s duration. 
As a result of this such patients would present themselves with a 
very scanty covering of dry hair or actual baldness, limited usually 
to the crown of the head. Some peculiar sensory disturbance must 
have caused the-children thus affected to actually take the hair out 
“by handfuls.” Scratching of the scalp was never observed, so that 
this symptom could not be attributed to abnormal sensation of the 
skin. 

Teeth—The loosening and falling out of the teeth was likewise a 
surprising manifestation, especially since there was no previous evi- 
dence of pathology manifested by the gums. One mother stated that 
she thought that a tooth was growing abnormally long and was pro- 
truding from the mouth like a. fang. On taking hold of it she was 
astonished to find it loose and separated from the socket. In other 
cases the gums at times were slightly swollen and a deposit noted 
around the teeth; but these changes would not have led any one to 
hold them responsible for the tooth loss. There was no adherent 
tissue, blood or exudate on the lost teeth. 


Nails.—The nails were rarely involved—one only showing trophic 
darkening and softening. Some of the toe nails in this case were 
lost but the finger nails remained in place. 


Gastro-intestinal Tract—An extreme and obstinate anorexia was 
a prominent part of the disease picture. Indeed, it was the failure 
to recognize the gravity of this symptom in some of the earlier cases 
which probably led to a fatal outcome. In only one instance was 
diarrhea present either before or after admission to the hospital On 
the other hand, in about one quarter of the cases we were impressed 
with the fact that the transverse and descending colon were filled with 
hard fecal masses. Vomiting was never found or complained of before 
admission. Failure to take a sufficient quantity of food would seem 
in large part to be responsible for the marked degree of emaciation 
which was almost invariably present in those children who had been 
sick for several months before being brought to the hospital. Many 
of the patients suffered extreme thirst. Unusual sweating was com- 
mon in the well advanced cases. 


Genito-urinary Tract—Frequency of urination was, however, an 
almost uniform symptom and this was probably accompanied with 
distress, as many of the children kept crying their desire to empty the 
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bladder. Involvement of the genito-urinary tract was manifested by 
the frequent presence of pyelitis, though this was never extreme and 
usually yielded to treatment. 

The severity of the disorder varied. Two of the patients seen 
in the beginning of the study (summer of 1915, winter of 1916) died 
because we seemed unable to arrest the advance of the morbid process, 
but it should be noted that forced feeding was not tried in these cases. 
It is our impression also that, with one possible exception, the cases 
which we have seen in the last three years were milder than those 
seen earlier. One patient, however, was brought here several months 
ago with an advanced pulmonary tuberculosis as a complication, and 
in this instance death took place three days after admission to the 
hospital. Several of the cases, on the other hand, were very mild 
and yielded to symptomatic and expectant treatment. The duration of 
the trouble varied from two to eight months. 

Laboratory Examination——Laboratory findings showed a certain 
uniformity and of these the /eukocyte count was especially noteworthy. 
With the exception of one case in which only 9,000 leukocytes were 
found, the number ranged from 11,000 to 30,000. In the differential 
count, however, there was no corresponding increase in the poly- 
morphonuclear cells, an average of 65 per cent. being observed. 
Eosinophils, up to 2 per cent, were sometimes encountered, due possibly 
to the skin involvement 

The stomach contents were twice analyzed and in both instances 
a practically normal amount of hydrochloric acid found. Acetonuria 
was a rather common finding. This was in all probability due to the 
state of under nutrition produced by the marked anorexia. Pus cells 
were frequently found in the urine, but this certainly could not be 
regarded as an essential part-of the disease picture. The spinal fluid 
occasionally showed a slight increase of globulin but the cells. were not 
abnormally increased. The Wasserman test was uniformly negative. 


COM MENT 


From these findings it seems probable that we are dealing with a 
primary disease of the nervous system. The falling out of the teeth 
(in three cases) without a distinct involvement of the gums, the 
falling out of the hair and a double neurokeratitis (first case) point 
quite clearly to an involvement of the fifth nerve. The paresthesia 
of the extremities and of the trunk also suggests a sensory nerve 
involvement, while the coldness and blueness of the finger tips and 
toe tips point to a vasomotor disturbance. The muscular weakness 
and atrophy, the diminution of the reflexes and, at times, their com- 
plete absence suggests involvement of the lower motor neuron, even 
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though a complete palsy was not commonly encountered. In other 
words, there seems to have been a preponderance of sensory manifesta- 
tions with a mild affection of motor nerves. 


ETIOLOGY 


Diet—With the recent increasing interest in systemic nutritional 
disorders, such as pellagra, beriberi, and scurvy it was natural that 
this very definite group of symptoms should suggest the possibility 
that we were dealing with a deficiency disease ; but from the beginning, 
the histories taken failed to show that the diet was at fault. This 
was especially emphasized in the case of the four? babies under 1 
year of age, who had been breast fed for a considerable time. In two 
of these certainly, the disease began while the baby was still taking the 
nurse—one from a mother who not only ate “everything” but also a 
“very great deal of it.” In analyzing this mother’s diet, we were 
unable to determine a distinct lack of any of the major organic con- 
stituents, the salts, including calcium, or the known vitamins. The 
questioning in this instance was carried on by three observers. The 
diet of the other three nursing mothers might possibly be questioned. 

Many of the older children in this series had not been receiving a 
diet complete in every respect ; but the omissions were not sufficiently 
definite to give unmistakable proof of a causal connection. In some 
cases we found that the children did not take milk but did take 
vegetables and eggs, while others took enough milk but refused to 
partake of green vegetables and fruit. Their diets, on the whole, were 
certainly no worse than those of the average child coming to our clinic. 


Food.—The effect of food pn the course of the disease was studied 
in those patients who entered the hospital, more especially in the more 
recent cases. <A corrective diet, complete in every respect, so far as we 
know, supplying an adequate number of calories, sometimes introduced 
by gavage, was given. The benefit from this treatment was unmistak- 
able, although cure was not always brought about quickly; for the 
paresthesia and weakness were most persistent. The improvement by 
feeding, most prompt in mild and less well advanced cases, was the 
only evidence of a possible relationship between food and the disease. 
We have not yet tried to determine which constituent of the food is 
most helpful. In one of the early cases (the patient died later) there 
was added to the diet the antineuritic vitamin (water-soluble B.).* 
No influence on the course of the disease was discernible. 





2. Cases 7, 8, 12 and 17. 
3. The material was prepared by adsorption from autolyzed yeast by Dr. 
A. Seidell and through his kindness sent here for use in these cases. 
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‘ 

Respiratory Infection.—From the beginning of our observations we 
were impressed by the fact that respiratory infection* must play a 
prominent part either as a primary or secondary cause of the trouble, 
and as the number of cases seen increased, this feeling was only 
strengthened. It was so common to have the parents, without sug- 
gestion or pressure, volunteer the information that the trouble com- 
menced with a bad cold or followed shortly afteward ; or after influenza, 
that we were forced to regard the respiratory infection as more than a 
mere coincidence. This feeling was further strengthened by the experi- 
ence in the fourth case in which radical surgical treatment of the nose 
seemed quite definitely to arrest the unfavorable course of the dis- 
ease, while the two previous patients, whose illness appeared to be 
of about the same degree of severity, died. 

Focal Infection.—In two of the sixteen cases a rather interesting, 
even if not conclusive, comparative experience may be related. In one 
of these, a baby of 10 months, tonsillectomy performed after one 
month’s observation in the hespital seemed to have caused a complete 
disappearance of the signs and symptoms in six weeks’ time. In the 
other case, seen at the same period (1918), the operation was refused. - 
In this latter case paresthesia and some weakness were still present 
after seven months. Another finding which indicates that infection 
plays some part in the disease was the leukocytosis referred to above. 
We were inclined, in fact, to base our prognosis in the operative cases 
on the leukocyte count. Thus if the count remained high, we did not 
expect rapid improvement. In a small number of cases most careful 
questioning of the parent failed to reveal anything resembling an acute 
respiratory infection at the onset and it must be admitted that one 
cannot easily explain these exceptions, unless one assumes that such 
infection was latent or overlooked. 

Diphtheria.—The questioning of a possible relationship between a 
diphtheria or diphtheria-like organism, which we found in the nasal 
cultures in most of these cases, was considered in view of the regularity 
of their appearance. Some of these organisms have been found to be 
highly virulent for guinea-pigs ; diphtheria antitoxin does not give pro- 
tection. The description of a case seen elsewhere,’ in which nasal 
diphtheria was definitely known to precede a case of this kind, together 
with the fact that in Jacobi’s Treatise on Diphtheria * mention was 
made in a few lines of this same affection appearing as an occasional 
sequel of diphtheria, seems to be somewhat suggestive. A _ positive 
Schick test, however, was never obtained and, furthermore, diphtheria 


4. See reference 1. 
5. Personal communication of Dr. Thomas B. Cooley, Detroit. 
6. Jacobi, Abraham: A Treatise on Diphtheria, 1880, p. 146. 
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antitoxin was without the least therapeutic benefit. In one case a test 
for circulating diphtheria toxin seems to have been positive, but here, 
again, antitoxin was absolutely without therapeutic effect. We have 
not thus far been able to bring forth any evidence that the diphtheria- 
like bacilli found played an exciting role. 

A postmortem examination was made in one case, that of a child 
suffering with an advanced pulmonary tuberculosis. In this case, 
besides the extensive changes in the lungs which had no direct bearing, 
there were in addition some interesting changes made in the central 
nervous system. In the spinal cord gliosis about the central canal 
was present. Of the anterior horn cells occasionally one or more 
of these situated proximal to the anterior commissure was found to be 
of poor staining quality. “The dorsal columns did not show the effects 
of the disease. 

The sciatic nerve showed edema and swelling of the myelin sheath, 
as well as edema of the connective tissue about the nerve fibers. No 
cellular infiltration was observed. The same variation in the size of 
the fibers was seen in the posterior roots in-the lumbar cord. [Edema 
and swelling of the myelin sheath were also seen in the fibers of the 
dorsal root in that portion of the nerve lying between the ganglion 
and the spinal cord. 

Heredity.—In no case was there any evidence of involvement of 
the parents with this disease or anything resembling it. In Case 7, 
so strikingly benefited by tonsillectomy, a brother, 1144 years of age, 
died of what was undoubtedly this same effection. Most of the patients 
lived in rural districts, only two of them coming from a town as large 
as 40,000. Furthermore, intense poverty was not necessarily present 
in the families in which the disease occurred. One can draw no 
definite conclusions as to the time of onset as far as season is con- 
cerned, although none of our cases had their onset in July, August 
or September. Of the seventeen cases, seven began in December, 
January and February. Two, however, were supposed to have shown 
initial symptoms in June. The accompanying table suggests that the 
disease is increasing in frequency. 


NuMBER OF CASES OpseRVED DurING A Periop oF Five AND ONE-HALF YEARS 


Year No. of Cases 
a Se ee ee ae ere ee epee ie 2 
a. AER aight he ele sed aA aap s oh! Nile ae, Sagieattie 3 
CAPS. ORE tds SAL olale eceld Wiehe tes awe'e vied 0 
a ORI IL SS ea ee ee an ee eee 2 
NE A aoe a eg bottle mw EO Oe 4 
NN EY triad bubs dlew ae heGSeeweoeis 7 


DISCUSSION 


Deficiency Disease——The symmetry of the skin eruption, together 
with some of the other signs and symptoms of the disease, called 
to mind the possibility that we were confronted with one of the 
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deficiency diseases, more probably pellagra, and when we bore in mind 
the “protean” character of this latter disease we were, for a while 
at least, inclined to favor this diagnosis even though there were a 
number of points open to question. Without going into a detailed 
discussion, a number of marked differences seem to differentiate the 
clinical picture of this disease from that of pellagra. These are: 


1. Lack of a sharp line of demarcation in the skin lesion. 

2. Lack of definite or common dietary error. ' 
3. Uniform age of the patient. 

4. Absence of history of pellagra or pellagra-like disease in the family. 
5. Absence of digestive symptoms except constipation and anorexia. 

6. Lack of recurrence in cured cases. 


7. Low incidence of pellagra or a similar disease in adults in this region. 
8. Occurrences in several instances in breast-fed babies. 

9. Frequent history of infection. 

10. Duration of subjective symptoms (seven months in one case). 

11. Aggravation of symptoms in cold weather in contrast to pellagra. 


Motor Neuritis—The diminution of the reflexes might suggest a 
motor neuritis similar to beriberi, but the preponderance of sensory 
symptoms is so definite as to speak strongly against such a diagnosis 
even though sensory symptoms are included in the description of beri- 
beri.” In this connection we have, however, the interesting experience 
of Moszkowski*® who partook of polished rice as his sole ‘ration. 
He developed symptoms chiéfly sensory in character. We are not at 
this time, however, justified in completely ruling out the question of the 
existence of a deficiency disease similar to beriberi as a part of the 
clinical syndrome. 

Arsenic Poisoning.—The possibility of arsenic poisoning was 
excluded in two instances at least, by the analysis of the urine. 
Clinically, the slight motor signs and symptoms would scarcely lead 
us to expect such a cause. Ergotism and other similar intoxications 
are apparently very different from the disease under discussion. 

Trophoneurosis—Another group of diseases suggested by these 
cases are the so-called trophoneuroses, such as acroparesthesia and 
erythromelalgia. While there is a slight fundamental similarity, there 
is no case of which the description will fit in exactly with what we have 
seen in our patients. Trophoneuroses are usually seen in adults and 
one of them, acroparesthesia, chiefly in women.* A case reported by 
Adams *° as erythromelalgia seems to have been more like one of our 


own cases. 


7. Manson, Sir Patrick: Beriberi, Allbutt & Rolleston, System of Medicine, 
London, 1910, 2: Part 2, p. 630. 
8. Moszkowski, M.: Reviewed in Deutsch. med. Wchnschr. 39:1479, 1913. 
9. Cassirer, R.: Die Vasomotorisch-trophischen Neurosen, Lewandowski, 


Handb. der Neurol. 5: p. 220. : 
10. Adams, S. S.: A Case of Erythromelalgia, Tr. Am. Ped. Soc. 25:63, 1913. 
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Other Diseases—A number of points of resemblance with other 
diseases is not without interest. The falling out of the teeth has 
been occasionally noted in tabes dorsalis. The marked subjective 
symptoms resemble those of dermatitis herpetiformis, even though the 
skin manifestations of this latter disease are quite different. The 
lowering of resistance to infection noted in the later stages of the 
disease as evidenced by our two fatal cases is found in paralysis of 
the insane. Spurgin** described what he calls “acute pellagra or 
dermatitis exfoliativa” occurring in a boy of 20. This patient had a 
high temperature and paresthesia together with an erythematous and 
papular eruption on the exposed surfaces followed by desquamation. 

Other evidences of a possible causal relationship between infection 
and the syndrome under discussion may be derived from clinical 
experience. The frequency with which the hair falls out in scarlet 
fever and other acute infectious diseases is familiar even to the laity. 
The presence of sensory manifestations in motor yeuritis (polyneuritis ) 
is touched on, even if not emphasized, in most works on neurology, 
but for some reason the chief medical interest has always seemed to 
have been in the paralytic phenomena, whereas paresthesias, skin 
eruptions and the like have attracted less attention. Diphtheria with 
its tendency to be followed my motor neuritis has not yielded many 
sensory syndromes such as those which we are describing.** 

The case referred to by Jacobi ** is of special interest in this con- 
nection, and the following quotation makes it quite probable that he 
was dealing with a case of this peculiar affection. “Besides the above 
mentioned, there may be general debility of the muscular system, 
atrophy of the skin and nutritive disorder with alepecia and disorder 
of sensibility, not always of the subjective type.” Pflugbeil ** reports 
seven cases of erythematous vesiculopustular eruptions with marked 
sensory symptoms in adults. These cases differed also from our own 
in that they were closely associated in point of time with an acute 
infection and appeared even at the height of the illness. 

Acrodynia.—What, then, is this interesting disease? Weston ** after 
a careful review of the literature states that we are dealing with acro- 
dynia or “epidemic erythema” described about 1828.°° From descrip- 


11. Spurgin, W. H.: New York M. J. 98:1070, 1913. 

12. Barabas, Z.: Sensible St6érungen bei postdiphtheritischen Lahmungen, 
Jahrb. f. Kinderh. 82:476 (Dec.) 1915. 

13. See reference 6. 

14. Pflugbeil, E.: Beitrag zur Akuten Postinfektidsen Herpetiformen 
Exanthema. Dermatol. Ztschr. 17:307, 1910. 

15. Weston, William: Acrodynia, J. A. M. A., April 30, 1920. 

16. Dictionnaire de Medecine, Paris, 1832, p. 524-5, 1; Numerous epidemics 
of affections in which disorders of sensibility were prominent had been reported 
previous to this. 
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tions of the disease there appears to be a marked similarity between 
our cases and acrodynia. Babes and Sion” state that in acrodynia 
conjunctivitis with considerable swelling is always present. Spasticity 
and convulsions are also included as symptoms. We have never noted 
any such condition.** 

Influensa.—The heaping up in “epidemic” form (eight cases in 
Portland, Ore.,!® thirteen cases in Cincinnati, Ohio *® and sporadic 
cases throughout the middle west *!) at this time, brings up an interest- 
ing possibility, namely, that we are dealing with a sequel of influenza. 
It may be more than a coincidence that the first report of acrodynia 
appeared in 1828,*° within a year or so of the first pandemic of 
influenza of the 19th century. The affinity of the virus of influenza 
for the nervous system is well recognized. Leichtenstern ** states that 
“there can be no doubt but that influenza has been the direct cause 
of numerous polymorphic diseases of the nervous system. The latest 
influenza pandemic (1889-90) and its recurrences have taught us 
something quite new in neurology, namely, an acute infectious disease 
which, compared with all others, is characterized by its striking neu- 
rotoxic effects.” In our cases we may be having either milder degrees 
or nerve intoxication, with phenomena of irritation rather than those of 
destruction, or a virus with a special affinity for sensory nerves, which 
will explain the peculiar subjective and sensory qualities of the disease. 
The cases seen before the height of epidemics may be explained either 
by the sporadic occurrence of influenza, or by the fact that more than 
one virus can act as a causal agent. 

If it is borne out by further investigation that we have an infec- 
tious polyneuritis, it may be well to dispense with the older names. It 
is desirable to have the name indicate the preponderance of sensory 
signs and symptoms and bring it into contrast with the ordinary or 
motor form of polyneuritis. As stated above, there is more evidence 
pointing to an infectious than a dietary origin of the disease. It is 


17. Nothnagel, H.: Handbuch der Specialen Pathologie und Therapie, 
Vienna 24:53, 1901. 

18. Dictionnaire de Medecine, Paris, 1832, p. 524-5, 1; I have preferred to 
avoid any lengthy discussion as to the identity of acrodynia and the affection 
reported in this paper. 

19. Cases reported by Weston. See reference 15. 

20. Personal communication of Dr. F. H. Lamb, Cincinnati. 

21. Omaha, Chicago, Detroit, Des Moines. 

22. In 1827 influenza broke out in epidemic form in eastern Russia, espe- 
cially Siberia, whereas the great pandemics lasted from 1830 to 1833. Glanc- 
ing over the bibliography of the article “Acrodynie” in the Dictionnaire de 
Medecine, Paris, 1832, p. 524-5, 1; one finds that the dates of publications of 
numerous of the articles correspond more or less with the appearance of early 
influenza epidemics. 

23. Leichtenstern: Influenza, Nothnagel’s Practice, Philadelphia and Lon- 
don, 1905, p. 639. 
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conceivable, however, that there is an association of both factors: an 
improper diet may have rendered nerve tissues and cells more vul- 
nerable to the influence of bacterial poisons which have a special affinity 
for such tissues. : 

DIAGNOSIS 

The diagnosis offers little difficulty when one case has been seen 
provided the disease picture is moderately or well advanced. There 
is really no other disease, unless it be pellagra, that could deceive an 
observer and, with the points of difference indicated above, the dis- 
tinction can easily be made. In two cases the initial rash was said 
to have been scarlatiniform, and these cases, when seen in our clinic, 
did suggest that they might be in the stage of desquamation of that 
disease. The general wretchedness and emaciation, however, together 
with the paresthesia of the fingers and toes, which were evident on 
more close scrutiny, made clear the nature of the trouble. 

The milder cases without eruption on the fingers and toes might 
also tend to be confusing, were it not for the fact that the general 
constitutional disturbance and the local discomfort of the extremities 
were always striking. In two of the infants, the symptoms were 
restlessness and sleeplessness, which might have led to an assumption 
of a minor ailment, ‘such as the cutting of teeth. A glance at the 
fingers and toes, and further questioning of the parents as to the nature 
of the baby’s distress led to the correct diagnosis. It is very probable 
that many of these mild cases are being overlooked in the country at 
large. In the very severe cases, in which the rash was present also on 
the trunk, intense pruritis suggested the possibility of prurigo, but 
the history of our disease differs sharply from the affection. Where 
bullae are present—again in the severe cases—diagnosis may not be 
clear if other parts of the clinical picture are not sought for. The fall- 
ing out of the teeth in patients whose disease is well advanced will 
also help in the diagnosis. 


TREATMENT 


The marked emaciation which is the result of persistent aversion 
to food calls for vigorous treatment, and the patient’s life may depen: 
on this. Gavage should be resorted to without hesitation where 
milk and other proper nutriments are refused. This is, at present, the 
mainstay of therapy, and when vigorously carried out brings relief. 
The acetonuria demands treatment with carbohydrates and moderate 
reduction of fats, but as this metabolic disorder is usually due to 
“starvation,” it disappears in a short time after forced feeding. In 
the event, however, that the progress to recovery is very slow, or if 4 
fatal outcome is feared, an attempt to remove the assumed foci of 








: 
i 
| 
| 


358 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


infection (tonsils or accessory sinuses of the nose, etc.,) is justified. 
While our experience with operative measures in the treatment of this 
disease is not very great, we are, nevertheless, favorably impressed 
with the results obtained in the few case$ observed. 


CONCLUSIONS 

1. In a series of cases presenting marked sensory symptoms with 
motor manifestations of less degree, an uncommon clinical picture is 
described, present chiefly in children under three years of age (one 
child four years old). It bears a definite resemblance to acrodynia or 
“epidemic erythema” as suggested by Weston. 

2. The disease seems to be increasing. 

3. According to the anamneses, infection rather than dietary error 
seems to play the more important role as an exciting factor. 


4. A postmortem examination in one case (complicated with tuber- 
culosis) showed involvement of an occasional anterior horn cell of the 
spinal cord, gliosis about the central canal and edema of the sensory 
roots. 

5. It is suggested that the disease described is a post influenzal 
radiculitis or sensory polyneuritis. 


REPORT OF CASES 


/ 


Case 1.—H. B., aged 2 years, female. Family history negative. This baby 
had been breast fed and then placed on a general diet. Had whooping cough 
with resulting chronic infection of the nose and throat. For the relief of this 
the tonsils and adenoids were removed. 

Present Illness—In May, 1915, following a recurrence of nasal infection, a 
branny desquamation of the hands and feet, followed with emaciation, double 
neurokeratitis, alopecia and falling out of the teeth took place. The anorexia 
was marked. When seen in the hospital in September, 1915 (four months after), 
the most marked symptoms were past, although nasal discharge still persisted. 
The child was still weak, appetite was poor and slight photophobia was present, 
as well as some discomfort of the hands and feet. Complete recovery took place. 
One year later the child was perfectly well. There has never been a recurrence 
of the trouble. d 

Laboratory Examination.—Leukocyte count, 12,700. Urine contained pus cells. 

This is the first case seen, and was characterized by a rather slow progres- 
sion, due to the fact that the tonsils and adenoids were early removed. 

Case 2.—L. E., aged 2 years and 7 months; female. Family history negative. 
No questioning as to respiratory infection. Diet unbalanced and characterized 
by overindulgence in cornmeal. 

Present Illness—The present illness began in June, 1915, the onset being 
gradual with photophobia, general weakness and constipation After this a rash 
broke out, first on the chest, abdomen and back, later involving the arms, legs 
and face. The hands and feet seemed to have been “dipped in hot water.” They 
were red and swollen and subsequently desquamated. No blisters were observed. 
The itching was marked. The third appearance of the rash occurred just before 
admission to the hospital, October, 1915. The weakness and emaciation were 
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so great that walking was impossible. Alopecia was still marked at this time. 
A tooth fell out while the child was eating, the mother hearing it drop upon the 
floor. 


Physical Examination—On examination, a striking picture was observed. A 
weak, irritable child, fearing the light and so weak that it could not hold up its 
head, was seen. There was a mucous discharge from the nose, mucopus was 
seen in the throat and tracheal rales were made out. After exertion the breath- 
ing was labored. A morbilliform eruption was seen on the thorax, abdomen, 
and outer side of the thighs. Scratch marks and some desquamation were 
present. The most marked lesions seen were over the swollen fingers where 
an erythema was present. Toward the wrist and arm the rash was less and 
became finely papular. A dusky, swollen erythema appeared on the feet in the 
region of the toes, associated with marked desquamation. A dusky pigmentation 
at the bed of the nails was seen. An irregular tremor of the hands and knees 
was present. The child was constantly picking at the hands and feet. Thirst 
was intense. During the course of the patient’s*stay in the hospital, two teeth 
fell out, and on examination of the gums one could see a cleft, but there was 
practically no inflammatory reaction about the cavity. The lower teeth were 
firm. The giving of a quantity of absorbed vitamin prepared by Seidell caused 
not the slightest improvement. Toward the end of the disease the temperature 
rose, the child became irrational, and phlegmon of the right thigh developed. 
Death took place shortly afterward. 

Laboratory Examination.—Leukocyte count, 17,700. Gastric analysis showed 
free hydrochloric acid in normal quantity. Urobilinogen was negative. 

Case 3.—E. M., aged 3% years; male, came from a farm and was first seen 
in March, 1916, having been sick for three months. The dietary history in this 
case indicated a small intake of milk and that cornmeal mush was taken three 
times a week. Eggs were eaten every other day, but green vegetables did not 
form part of the menu. 


Present Illness—According to the parents’ story, the illness commenced with 
“grippe” and abdominal pain was complained of at the time. The appetite 
became very poor. Within a month a rash appeared on the trunk and on the 
hands and feet. The hair fell out early in the course of the disease. A very 
intense weakness was present. A recurring dusky rash, most marked at the tips 
of the fingers, followed, with desquamation. General irritability and sleepless- 
ness were marked. 


Physical Examination.—On examination, striking alternating periods of irri- 
tability and drowsiness were observed. Alopecia of the anterior portion of the 
crown of the head and coldness of the extremities were noted. Pulse was made 
out on the dorsum of the foot. The drowsiness, apathy and peculiar mental 
symptoms increased and death ensued. In this, as in one other case, blebs 
appeared on the skin a few days before death, which took place by terminal 
pneumonia. General dietary treatment had no influence on the condition. 

Laboratory Examination.—A leukocytosis of 26,1060 with 66 per cent. poly- 
morphonuclears was found. A normal amount of combined hydrochloric acid 
was present on gastric analysis. The blood culture was negative. 


Case 4.—Patient, aged 2 years. This case was very mild in character, and 
the patient refused to come into the hospital for observation. The records are 
incomplete as to previous diet and etiology. This patient recovered without 
special treatment other than a revision of the diet carried out at home. This 
case was seen in 1916. 

Case 5.—L. O’R., aged 1% years, male. 


Present Illness—Had the onset of his trouble in November, 1915, and was 
admitted to the hospital six months later, in May, 1916. He had been breast fed 
for fourteen months and after this was given food from the table. Diet showed 
a shortage of milk and greens. He had always been subject to colds. From 
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the onset of the illness this patient had been treated with nasal douches for 
“catarrh.” Again, the same indifferent, half irritable, languid appearance noted 
above presented itself. The child would sit or rest in a cowering position, avoid- 
ing the light and unwilling to be handled, although he kept asking that the feet 
be held. This patient presented a picture as severe at least as the two fatal 
cases described above, and fear as to the outcome was felt. ~ 

Examination of the Nose and Sinuses.—In view of the nasal discharge, how- 
ever, an examination of the nose was made by the nose and throat department, 
and an accumulation of crusts, as are seen in atrophic rhinitis, was found. 
Involvement of the maxillary antrum was suspected and examination confirmed 
the roentgenologic findings. A soft polypoid mass, three-eighths of an inch in 
diameter, was removed from the right antrum. Within a week after operation, 
a slight but distinct improvement was noted, and this continued until the time 
of discharge from the hospital. There was absolutely no recurrence. The child, 
while living in the poorest hygienic conditions, was repeatedly seen by the 
physician in charge who made regular reports to the clinic concerning his 
condition. 

Cast 6—C. B. aged 3 years, male, was taken sick February, 1918, and 
admitted to the hospital in May, 1918. 

Present Illness —There is a history of some vague respiratory infection with 
progressive weakness and depression. During the early weeks of the disease 
he developed a skin eruption which was diagnosed as bullous impetigo. Some 
pustules came later. There then appeared the characteristic eruption on the 
fingers and to a less degree on the toes, the fingers being bluish-red, somewhat 
infiltrated and showing some desquamation. There were a few erythematous 
spots on the lobule of the ear and the cheeks showed a distinct and probably 
abnormal erythema. An eruption of the chest and the flanks was still present 
when the patient was first seen, and on the buttocks there were small, irregular 
erythematous spots from which small papules arose. These had been -scratched 
quite a bit. 

Physical Examination.—When the patient came to the hospital, examination 
showed distinct nasal obstruction (diphtheria-like bacilli on culture) and the 
tongue had the appearance of an early desquamating scarlet fever tongue. 
Muscular weakness was marked, but the reflexes were not only easily obtained, 
but were, if anything, exaggerated. The spleen just reached to the margin of the 
ribs and all lymph nodes were enlarged. The heart showed some increase in the 
diameter of dullness. 

Laboratory Findings—The Schick test was negative. Diphtheria antitoxin 
was given, but without benefit. 

Subsequent History.—After the patient left the hospital, the toe nails came 
off and the finger'nails became soft, but remained on the fingers. Improvement 
but not complete cure, as evidenced by the persistence of paresthesia and weak- 
ness, was reported seven months after the onset of the disease. 

Case 7.—V. H., aged 10 months, female. This was the first case in a child 
under 1 year in the series. The patient was admitted in July, 1918, after one 
month’s illness. One brother, 1% years old, died of undoubtedly the same ailment 
in August, 1917.-. He buried his head in the pillow, his teeth fell out, and he 
had “boils” on the skin. 

Present Illness—The patient’s trouble began with what was supposed to have 
been measles. There was a slight cold and the eyes became sore. The rash 
cleared up in a few days and appeared again the following week thicker than 
ever, the hands and feet being covered. "With this second rash, and its accom- 
panying temperature of 103 F., the condition of the child became progressively 
worse, with irritability, sweats, weakness and a very poor appetite. There 
were no digestive symptoms. 
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Physical Examination—On examination, anorexia, weakness, photophobia, 
and a skin eruption on the fingers and toes were the positive findings. 


Laboratory Findings—Leukocyte count, 16,400. Polymorphonuclears, 40 per 
cent. Nose and throat cuiture showed postive diphtheria-like bacilli. Schick 
test was negative. 

Treatment.—After one month of observation, no improvement was noted, and 
tonsillectomy accordingly was performed Aug. 17, 1918. This patient left the 
hospital ten days later, still showing desquamation of the hands and feet. 


Subsequent History—Within one week from the time the child came home, 
she began to improve rapidly and made a complete recovery. When brought 
back to the hospital a short time after the operation she showed absolutely no 
signs of the disease. 

Case 8.—M. K., aged 10 months, male, admitted to the hospital in March, 
1919, after having been sick for four months. This baby had been breast fed. 

Present Illness—The trouble began one month after an attack of influenza. 
The symptoms that appeared were not different from those previously described. 


Physical Examination—The emaciation was very marked, amounting almost 
to a marasmus. The nose and the cheeks showed exaggerated redness, as seen 
in the illustration. Cervical glands were enlarged. The hands and feet were 
cold and the eruption tended to be macular in places, becoming confluent on the 
distal phalanges and macular toward the back of the hands. Reflexes were 
present. General wretchedness was intense. 


Laboratory Findings.—Leukocyte count, 23,000. Polymorphonuclears, 72 per 
cent. Involution types of diphtheria-like bacilli were found. Acetone was 
present in the urine. No circulating diphtheria toxin was found in the blood. 


Treatment.—As there was an element of distinct underfeeding in this case 
(acetonuria) this was corrected and the patient carefully observed for the 
effect of such treatment. Extracted antineuritic material was added to the milk 
and the diet bolstered. Moderate improvement was obtained. The special 
manifestations of the disease, however, seemed to be persistent in spite of the 
improvement in the general condition. After six weeks of observation and 
dietary treatment (no gavage) the tonsils and adenoids were removed and the 
nasal sinuses, which were found to contain pus, were drained. The improve- 
ment following the operation as far as the paresthesia and sxin eruption was 
concerned seemed to be more distinct than that produced by the improved 
dietary: but a rapid cure (as in Case 7) was not achieved. A leukocyte count 
of 19,000 was present at the time the child left the hospital, indicating that the 
infection was still active. The child made a complete recovery, however, at 
home. 


Case 9.—E. H., aged 22 months, male, was taken sick in January, 1919, and 
seen in the hospital in May, 1919. Subject to nasal discharge. Had influenza 
in October, 1918. 


Present Iliness—In January, 1919, he began to become drowsy, his disposition 
changed, and a very distinct anorexia was noted. The hands and feet turned red 
and a rash came out on them which took two and one-half weeks for its complete 
development. Hands and feet were cold. He pulled his hair out in several 
places, but he never burrowed his head in the pillow or rubbed his hands. The 
eruption on the hands would clear up in part and then return again. When 
there was this local improvement, the general condition was also better. Des- 
quamation of the fingers and toes followed the height of each eruption. 

Laboratory Findings.—Leukocyte count, 7,400. Polymorphonuclears, 45 per 
cent. Acetone positive. 

This was a moderately mild case with unmistakable lesions on the hands, but 
no grave-systemic manifestations. 
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Treatment.—After admission to the hospital the child was fed a well selected 
diet which was followed by distinct improvement. In view of the persistence of 
the trouble, however, it was deemed advisable to have the tonsils and adenoids 
removed. The patient left the hospital cured and has not been ill since. It is 
impossible to say whether the operation produced any definite effect in this case. 


Case 10.—J. S., aged 5 years, female; seen May 13, 1919. This little patient 
was the oldest in the series. Because of exposure to varicella, admission to 
the hospital was refused and the patient did not return. It was a mild but very 
definite case. Desquamation of the finger tips suggested a previous scarlet 
fever, but there was also very distinct erythema present and paresthesia, emacia- 
tion, irritability, anorexia and sweats.” ; 

Case 11—W. F., aged 2 years, female; admitted to the hospital Aug. 26, 
1919. Family history negative. Breast fed for fifteen months. Feeding history 
was incomplete, except that it was known that the patient took more than a quart 
of milk a day. Patient had influenza in November, 1918. 


Present Illness—Present trouble began in February, 1919, with a cold and a 
cough. A rash broke out which lasted about two weeks and then cleared up. 
These rashes had been coming and going at intervals. Sweating was marked 
and there was much itching with the eruption. 

This little patient did not show as much emaciation as did others jn the 
series, but the paresthesia was quite marked both on the body and on the 
extremities. There was some purulent nasal discharge. There was also some 
swelling about the gums. The nasopharynx contained a considerable amount of 
purulent material which was yellow in color. 

Besides hypertrichosis of the extremities, the hands were red from the webs 
of the fingers to the tips, the tinge increasing in intensity toward the tips. The 
palms had a rosy brown color, and appeared as if they had been violently 
rubbed on a piece of cloth. The redness did not fade on pressure. The hands 
were warm. On the feet a similar eruption was present, except that there was 
desquamation around the tips of the toes. Knee reflexes were somewhat 
diminished. This patient was in the hospital for a short time only and improved 
during that time. Further results not known. 

Laboratory Findings—Leukocyte count, 14,500. Polymorphonuclears, 65 per 
cent.; eosinophils, 2 per cent. Nasal culture showed a few diphtheroids. Urine 
was negative. 

Case 12.—R. G., aged 1 year, male, was first seen Feb. 24, 1920, being the 
first of seven cases of the first half of 1920. This was a breast fed baby, whose 
mother apparently had a diet adequate in every respect, as determined by care- 
ful questioning. 

Present Illness —The onset of the trouble was early in January, 1920, seven 
weeks before the examination and was without definite assignable cause, 
although the baby was cutting teeth at the time. The child became unusually 
irritable and restless, especially at night. When it did sleep, it would double 
up and burrow its head in the pillow. With the loss of appetite the weight 
grew less. Frequent body sweats attracted the attention of the parents. The 
child previously had made attempts to stand, but became so weak that this was 
impossible. Itching of the hands and feet was marked and there was some 


24. This patient was later seen by another physician who has written me 
that for several days the child had frequent convulsions and between these 
was practically in coma. On the basis of these symptoms he concluded that 
the child was suffering with lethargic encephalitis. If this assumption is cor- 
rect, it is another bit of circumstantial evidence in favor of the relationship 
of “acrodynia” and influenza. 

He found the leukocyte count to range from 17,000 to 20,000 with from 73 to 
80 per cent. polymorphonuclears. This increase in white cells has heen referred 
to in the body of the article. 
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desquamation on the body. This desquamation, as well as a slight reddening 
of the fingérs and toes, appeared four weeks after the assigned onset of the 
disease. 

Examination showed a most irritable and uncomfortable baby, who, while 
still in a fair state of nutrition, had undoubtedly lost considerable weight. There 
was no falling out of the hair. The gums were a little red“ where the new 
teeth were beginning to come through, and a pyorrhea-like deposit was seen on 
the already erupted teeth which were otherwise in good condition. The tonsils 
were large and moderately congested, being of the type in which the anterior 
pillar covers a large part of the gland. 

On the thorax there was a definite macular eruption. There seemed to be 
some increase in the lateral diameter of the heart. The spleen was not 
enlarged. On the hands were seen the usual distinct small papules lying in an 
erythematous base. These patches of affected skin were close together, but not 
confluent. They grew less in number toward the hand and wrist. There was a 
moderate amount of cyanosis and edema of the hands. The feet were similarly 
involved. Desquamation at the finger tips was present, slight but distinct. 
Reflexes at the knee were slightly diminished. 

Case 13.—D. Y., aged 3 years, female, was admitted to the hospital Feb. 13, 
1920. The family history was negative. This was a breast fed baby which 
after being weaned was placed on table diet consisting of the usual foods but 
with few vegetables. 

Present Illness —The onset of the trouble was in October, 1919, and seemed 
to begin with paresthesia of the legs and feet—the child always wishing to take 
off its shoes and stockings because of the distress. A month later the eruption 
was noted on the hands, feet, abdomen and later on the back. This eruption 
would disappear for a week and then break out again, each followed with 
desquamation. The rash on the abdomen was more constant. In the last 
month she became much weaker and gradually lost the power of feeding herself 
and standing. 

Physical Examination—Examination showed a very emaciated child, lying 
in a partial stupor. The lungs showed distinct involvement in the form of 
consolidation and rales which, with the positive intradermal test, were assumed 
to be tubercular in character. The hands and feet showed the characteristic 
associated papular eruption on an erythematous base. The finger tips were 
desquamating, and coldness of the extremities was marked. There was some 
eruption and some pigmented spots on the thorax and abdomen. Many scratch 
marks were present. Reflexes at the knees and ankles were lost. 

Course of Disease—The child was evidently critically ill and death, which 
followed in two days, was not unexpected. The necropsy showed the changes 
previously described. 

Laboratory Findings——Leukocyte count, 11,000. Polymorphonuclears, 61 per 
cent. Intradermal test with tuberculin, 1: 10,000, positive. Urine showed 
acetone, 1 plus. Diacetic acid, faint trace. Pus cells, 7,200 per cmm. Nasal 
culture showed diphtheria-like bacilli usually found in these cases. 

Case 14.—L. S., aged 22 months, female, was first seen March 29, 1920. The 
family history was negative. This child had been breast fed for nineteen 
months and in addition had recently been given “almost anything” from the 
table, including one quart of milk a day. 

Present Illness—Present trouble began in January, 1920, and consisted in 
a breaking out all over the body, which lasted only one day. In February, 
another breaking out was noticed and this has been present since. Sweating 
was very marked and the weakness great. Appetite was fair. 

Physical Examination.—Examination showed the usual emaciation and loss 
of subcutaneous fat, especially in the thighs and groins. The hair was extremely 
dry and came out easily and there were spots where it was quite gone off. 
There was a slight discharge from the right ear. Of the upper teeth all had 
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fallen out, except the two upper premolars and one central incisor which were 
at this time very loose. The lower teeth were present but also loose. Pyor- 
rhea was marked. There were purulent droppings from the posterior’ naso- 
pharynx. The skin rash was scarlatiniform on the chest and on the palms of 
the hands there were excoriations, while ulcers were present on the three 
fingers of the right hand and on the index finger of the left, due probably to 
scratching or chewing. Reflexes at the elbow were present but absent at the 
knees. Abdominal reflexes were diminished and there was some loss of cutane- 
ous sensibility to the prick of a pin. 

Laboratory Findings—Leukocyte count, 16,200. Polymorphonuclears, 65 per 
cent.; eosinophils, 2 per cent.; urine showed 250 pus cells per c.mm. Nose 
culture showed the usual diphtheria-like polar staining bacilli. Spinal puncture 
showed 20 pus cells per c.mm. Noguchi, a trace. 

Case 15.—H. A., aged 2 years, female, was admitted to the hospital, April 
7, 1920. The family history showed that there was a distinct tendency to 
diabetes. This child was breast fed and subsequently received a very gen- 
erous diet although it seemed as if the child did not like milk and eggs. 

Present Illness—Present trouble began about Christmas, 1919, with cough 
and glandular swelling. Respiratory infection was present now and again 
up to the time of admission (April 7), there being otitis media March 23. 
Emaciation, weakness and sweating had been marked. The child, who could 
formerly walk, gradually lest its power of either standing or sitting. There 
were no marked skin eruptions, although red spots about the size of a dollar 
came out on the forehead, hands and face. 

Emaciation was distinct with very marked loss of subcutaneous fat. The 
child was apathetic, weak and uncomfortable. The extremities were cold. A 
cough was present. There was paresthesia but no eruption on the extremities, 
although the finger tips were cyanotic. Fleeting erythematous spots were noted 
on the body. The tongue was red. There was some deposit about the teeth 
but no decay. The reflexes were absent. The child absolutely refused to 
drink milk and it was necessary to resort to the stomach tube. In spite of 
the diminished feeding polyuria was present. In the colon a chain of fecal 
masses was felt. This patient made a quick recovery under forced feeding 
and left the hospital in excellent condition, being then able to stand and walk. 
The tendency to frequent urination, itching of the hands and anorexia dis- 
appeared. 

Laboratory Findings.—Leukocyte count, 22,400. Polymorphonuclears, 75 per 
cent.; basophils, 4 per cent.; urine showed trace of acetone. Pus, 30 cells. 
Lumbar puncture showed Noguchi 1 plus with pus cells, 10 per cmm. Nose 
culture showed an almost pure culture of diphtheria-like bacilli, 

Case 16.—H. R., aged 2 years, female, was admitted to the hospital May 5, 
1920. The baby had been breast fed for nine months and was then given a diet 
which seems to have been “complete.” 

Present Illness—Following an attack of influenza in March, 1920, there was 
a skin rash which was scarlatiniform for the hands peeled, and a presumptive 
diagnosis of scarlet fever was made by the doctor at home. Weakness, 
emaciation, pulling at the hair and burrowing the head in the pillow were 
prominent symptoms. The child felt as though it wanted to urinate every ten 
minutes but passed only a small amount each time. She gradually lost the 
power of walking. 

Physical Examination—On examination the child did not give the general 
appearance of emaciation but the weight was less than that of a chilld 1 year 
old. The distress was not marked as in more severe cases, but the listless- 
ness was definite. The patient did not move around nor did she stand. She 
pulled her hair and rubbed her hands. There was a slight erythema of the 
finger tips and some desquamation. The extremities were cold. The reflexes 
at the knees were definitely absent. 
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Laboratory Findings.—Leukocyte count, 16,600. Nose culture showed diph- 
theria-like bacilli. Urine showed acetone, 2 plus. Pus, 400 cells per c.mm. 

Treatment.—After a month of dietary treatment in the hospital, the improve- 
ment was only slight and nasal operation seemed advisable. This consisted 
in removal of the tonsils and adenoids, and puncture of the nasal sinuses in 
which latter pus was found. The nasal discharge became so profuse that more 
complete nasal drainage was necessary and when this was secured the child's 
improvement seemed quite definite. This patient is still under observation. 

Case 17.—F. J., aged 8 months, female, was admitted to the hospital, June 
1, 1920. The baby had been breast fed up to the time of admission. 


Present Illness—Present trouble began in April with diarrhea, the stools 
being very watery. Itchiness and general distress followed very shortly after, 
irritability being marked. The baby chewed its hands and pulled at its hair. 
Anorexia was definite. 

Physical Examination.—From the description of the baby’s symptoms, given 
over the telephone, a presumptive diagnosis was made which was verified when 
the child was seen in the hospital the following week. At this time it was 
extremely uncomfortable, had lost weight and strength, and had a tempera- 
ture of 103 F. Over the end phalanges there was an erythema and the toes 
were similarly involved. The hands and feet were very cold. The body was 
quite free of eruption. A rather surprising amount of postnasal mucopurulent 
droppings was seen; these caused a very distressing cough. 

Laboratory Findings—Leukocyte count, 9,000 (on admission). Urine showed 
pus cells as high as 700 per c.mm. Acetone was present at times. Diphtheria- 
like bacilli were found in the nose. 


Course of Disease—A recurrence of the enterocolitis (from ten to twenty 
stools a day) took place a week after the baby’s entrance to the hospital, and 
with this a pneumonia involving the whole of the right lung developed. The 
irritation of the fingers became so extreme with the onset of the pneumonia 
that the baby actually bit into them and made it necessary for the hands to 
be bandaged and tied to the bed. This patient is still under observation. 

It is very probable that while diarrhea was the first symptom noted, there 
was a respiratory infection present at that time. This assumption is strength- 
ened by the fact that “summer influenza” was prevalent in the region from 
which the patient came.” 




















A STUDY OF THE BLOOD AND ITS CIRCULATION 
IN NORMAL INFANTS AND IN INFANTS 
SUFFERING FROM CHRONIC NUTRI- 

TIONAL DISTURBANCES * 


KIRSTEN UTHEIM, M.D. 


CHRISTIANIA, NORWAY 


INTRODUCTION 


The study of the nutritional disorders of infants has followed the 
development of medicine as a whole. The early Vienna school referred 
all disturbances to pathologic changes in the gastro-intestinal tract 
and classified the diseases anatomically. For example, there was ' 
gastritis, enteritis and colitis. When the knowledge of.~bacteriology 
became more developed, the bacteriologic factor was actively discussed 
and studied without leading to a much clearer conception of these dis- 
orders. It was not until chemistry became fully developed that more 
light was thrown on the nutritional disorders. It was, however, soon 
felt that even chemistry could not supply all the answers wanted and, 
therefore, the study of the child itself was emphasized. The con- 
stitutional factor was brought to the physician’s attention. This point 
of view in pediatrics with Czerny as its chief exponent has never, 
so far as I can see, been completely accepted in America. 

There is a growing tendency to consider that physical as well as 
chemical factors must be studied in order to reach a full understanding 
of the changes occurring in the body in the course of nutritional dis- 
turbances. At Dr. Marriott’s suggestion I took up this question for 
further investigation. 


WHAT CHANGES TAKE PLACE IN THE WATER METABOLISM OF 
INFANTS DURING NUTRITIONAL DISORDERS 


Freund * was, so far as I know, the first to draw attention to the 
fact that the up and down line of an artificially fed infant’s weight 
curve can only be explained by the ever changing water content of 
the body and not by the variable content of dry substances. 

The water content of the body is not constant, in fact, it varies 
much, and the younger the individual the greater the variation. 

It is influenced by two main physiologic factors: 

1. The age of the individual. 

2. The character of the food. 








*From the St. Louis Children’s Hospital and the Department of Pediatrics, 
Washington University School of Medicine. 
1. Freund: Jahrb. f. Kinderh. 59:421, 1904. 
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Besides these two factors must be mentioned diseases which influ- 
ence the water content by increase or decrease of the body excretions. 

As far as the age is concerned, Bezold? in 1857 studied this 
question thoroughly and came to the conclusion that there was a 
decrease of the water content and volatile constituents from the embry- 
onic period to the height of full development. This fundamental 
work done sixty-three years ago gives us what we know today about 
this question. Nothing essentially new has been added. 

The other main factor is the feeding. The importance of this 
has been noted by Bischoff and Voit.* In 1860 they performed an 
experiment on a dog fed exclusively on bread for a period of 41 days. 
They found that although the nitrogen loss corresponded to 3,713 gm. 
of muscle, the animal lost only 351 gm. in weight, and concluded 
that water retention must have taken place. Further, Bischoff and 
Voit * fed cats exclusively with bread and found the water content 
of the brain and muscles to be from 3 to 4 per cent. higher than 
in control cats fed with mixed food. According to Zuntz, Loewy, 
Muller and Caspari® this is due to the fact that when glycogen is 
stored in the body it takes with it three times its weight of water. 
Rubner’s ® statement that the water content in the body depends exclu- 
sively on the simultaneous fat content has been disproved by different 
authors. Steinitz,” Hoesslin,* Forster ® and Chaniewski *® all showed 
that the water and fat content of different organs are not always 
inversely proportional to each other. Weigert’s** work on dogs in 
1905 shows very plainly that the water content of the body depends 
not only on variations in the fat content but also on the amount of fat 
free substances present. 

The experimental work done so far seems to show there are two 
physiologic factors which determine the water content of the body, 
viz.: (1) the age; (2) the feeding. 

In passing to a consideration of the infant’s organism it is clear 
that in order to get an idea of the water content the ideal way would 
be to make a complete study of all the organs which are especially 


2. Bezold: Ztschr. f. Wissenschaftl. Zoologie 8:1857 (according to Led- 
erer™). 

3. Bischoff and Voit: Die Gesetze der Ernahrung des Fleischfressers, 1860. 

4. Bischoff and Voit: Hermann’s Handbuch der Physiologie 6: 347. 

5. Zuntz, Loewy, Muller and Caspari: Hohenklima und Bergwanderungen, 
1906, p. 114. 

6. Rubner: Lehrbuch der Hygiene, 1900, p. 440. 

7. Steinitz: Jahrb. f. Kinderh. 59:447, 1904. 

8. Hoesslin: Deutsch. Arch. f. Klin. Med. 33:600, 1883. 

9. Forster: Ztschr. f. Biol. 12:448, 1876. 

10. Chaniewski: Ztschr. f. Biol. 20:448, 1884. 

ll. Weigert: Jahrb. f. Kinderh. 61:179, 1905. 
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known to be the water repositories. Such a procedure is, of course, 
impossible during life. The only organ which is available for inves- 
tigation is the blood. Many examinations of this organ have been 
made. 

Since the work of Audral and Gavaret '* in 1842 an immense 
amount of literature on this subject has appeared. Most of the work, 
however, has been performed on adults and only during the last ten 
years have pediatricians paid especial attention to the topic. 

The first question which arises is whether or not it is possible 
to draw conclusions concerning the water content of the body, as 
a whole, from an examination of the blood alone. 

For a long time it has been believed that the blood did not change 
its concentration at all, that under different conditions it tended to 
keep its composition constant and that when necessary water from 
the different water depots could be drawn upon to supply any deficit. 
Magnus,” for instance, thought so and with him Plehn ** and Engels.*° 
Panum *° held a different opinion and Tobler ** was able to demonstrate 
in his experiments on dogs, on which he produced a water loss by 
diarrhea, that the water loss in the blood amounted to several per 
cent. Grawitz,"* who must be considered as an authority on this 
question, has also observed a marked concentration of the blood as 
a result of water loss from various causes. At the same time, he 
called attention to the fact that these changes often take place so 
quickly that they may be overlooked when the examinations are made 
too late. He further states that the blood should not be considered 
as an isolated organ of invariable volume but as part of the lymphatic 
system with which it is intimately associated. 

In the last ten years several studies have been made on the water 
content of infants’ blood. The main purpose has been to determine 
the relationship of variations in body weight to fluctuating water con- 
tents in the blood and thereby in the whole organism, and especially 
to follow the water metabolism during acute diarrhea and vomiting. 
Various methods have been used by different authors. The methods 
have been: (1) specific gravity determinations; (2) direct determina- 





12. Audral and Gavaret: Ann. d. Chem. et Physiol. 55:1842. (According 
to Lust.” ) 

13. Magnus: Archiv. f. Exp. Path. und Pharmak., 1900, XLIV, 68. 

14. Plehn: Deutsch. Arch. f. Klin. Med. 91:1, 1907. 

15. Engels: Arch. f. Exp. Path. u. Pharmak. 51:346, 1904. 

16. Panum: Virchows Arch. f. path. Anat. 29:241. 

17. Tobler: According to Lust, note 21. 

18. Grawitz: Klinische Pathologie des Blutes, Chapt. VI. “Das Gesamtblut 
ist nicht als ein abgeschlossenes Organ von invariablen Volumen anzusehen, 
sondern steht durch das die Kapillaren umgebenen System von Lymphraumen 
in ununterbrochenen Austausch von Stoffen mit den Fliissigkeiten der Gewebe.” 
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tion of dry substances; (3) chemical determination of protein; (4) 
freezing point lowering; (5) conductivity determinations, and (6) 
viscosity. These methods either require so much blood or are so 
time consuming that they are not well adapted for blood examinations 
on infants who can stand but little loss of blood, especially when the 
determinations have to be done daily. These difficulties are overcome 
by the use of the refractometric method first used by Strubell,’® i. e., 
the determination of the protein concentration of the blood by refrac- 
tion. It has been shown by earlier workers that the refractive index 
of the blood serum may be regarded as a function of the protein. 
It is, of course, only an approximate estimation because the angle 
of refraction is not affected by protein alone. Protein does, however, 
change the angle of refraction much more than the other solid con- 
stituents of the blood serum. Salts and other substances which have 
to be considered, show, with some exceptions, a rather constant con- 
centration and also constant refractometric value which has to be 
subtracted. The error due to changes of these substances does not 
exceed 0.3 per cent. of the calculated protein content. The refrac- 
tometric method gives a good approximate result though no con- 
clusions should be drawn from very small changes. In regard to 
the actual water content of the blood this method gives us just 
what we want to know, because changes in the water content have 
most effect on the relative protein content of the blood serum while 
the salts, on account of the constant osmotic pressure of the blood, 
are usually present in fairly constant amounts. 

The first work of any importance performed on infants’ blood 
was done in 1909 by Emil Reiss,?® who made use of the refractometric 
method. He is, as far as I know, the only one who has examined 
normal infants at different ages but apparently he examined one 
infant of each age. He found a constant increase from birth up to the 
tenth or twelfth month when the concentration reaches that of the 
adult. Furthermore, he examined nineteen cases of different gastro- 
intestinal disturbances in which he found a special relationship between 
the weight curve and the protein concentration of the blood. Most 
of his patients were suffering from acute diarrhea or vomiting, and 
showed a high concentration of the blood, which under treatment 
fell to normal. 

In 1911 Lust,”* using the method of determining the dry substances 
in the blood, obtained results very similar to those of Reiss. His 
material consisted of twenty cases and one of his conclusions was 


19. Strubell: Deutsch. Arch. f. klin. Med. 69:521, 1901. 
20. Reiss: Jahrb. f. Kinderh. 70:311, 1909. 
21. Lust: Jahrb. f. Kinderh. 78:85, 1911. 
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that in the chronic intestinal disturbances the water content of the 
blood does not differ from that of the blood of normal infants. 
Behrend and Tezner ** examined the blood of infants with alimentary 
weight changes in regard to refraction, viscosity, freezing point lower- 
ing and conductivity but found no special relationship between the 
changes in the blood concentration and the weight. In 1914 Lederer * 
published a paper on the same subject. His method was the deter- 
mination of the total dry substances of the blood by weighing on 
Kuhlmann’s scale. He examined five normal infants and thirteen 
infants with chronic intestinal disturbances and found in most instances 
a high water content of the blood. 

Recently Marriott and Perkins,** using the refractometric method, 
found a high concentration of the blood in acute diarrhea (Fig. 1) 
and a low protein concentration in the chronic nutritional disturbances 
(athrepsia). 

As a summary of the literature it may be stated that most authors 
have found the acute nutritional disturbances with diarrhea and vomit- 
ing usually are followed by a concentration of the blood. Only in 
the discussion of chronic intestinal disturbances do the opinions differ 
markedly. Since the cases which have been studied are very few, 
it was considered desirable to obtain a greater number of observations. 


PART I. EXAMINATION OF INFANTS 


The blood concentration of normal infants and the physiologic 
variations have, as I have mentioned, been examined by Reiss. I 
have collected additional material on this point. The blood exam- 
ined was taken from the infant’s heel without any pressure two or 
three hours after meals. Earlier work has shown the influence of 
food intake on blood concentration. Schmaltz?> showed, with the 
capillary pyknometer, that the specific gravity usually drops after 
meals and returns to normal half an hour after the last meal. Hammer- 
schlag 7° showed with the same method that the difference could be 
noted in from fifteen to thirty-five minutes after meals, but this had 
disappeared in from forty-five minutes to one hour after the meal. 
Lust *4 found that fluid intake raised the water content of the blood 
as much as from 0.2 to 0.4 per cent. In view of the foregoing it 
would seem likely that if blood were taken from two to three hours 
after meals, the influence of the meal would be eliminated. The 
results appear in Table 1. 


22. Behrend and Tezner: Monatschr. f. Kinderh. 10:212, 1911. 

23. Lederer: Ztschr. f. Kinderh. 10:365, 1914. 

24. Marriott: Am. J. Dis. Child. 20: (Dec.) 1920 (to be published). 
25. Schmaltz: Deutsch. Arch. f. klin. Med. 47:145, 1891. 

26. Hammerschlag: Ztschr. f. klin. Med. 20:444, 1892. 
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TABLE 1—THE B.Loop Protein oF NorMAL INFANTS 

















No. of Average , No. of Average 
Age Infants Protein Age Infants Protein 
Examined Percentage Examined Percentage 

1 day 14 6.25 3 months 1 6.06 

2 days 12 5.8 2% months 2 6.33 

8 days 12 6.33 4 months 2 6.55 

4 days 9 6.63 44% months 3 6.35 

5 days 13 6.59 5 months 4 6.90 

6 days 9 6.25 5% months 1 6.12 

7 days 8 6.83 6 months 2 6.34 

8 days - 4 6.27 8 months 1 6.12 

9 days 7 6.33 11 months 1 6.87 
10 days 3 6.19 13 months 3 7.00 
11 days 4 6.03 13% months 1 7.63 
12 days 4 6.26 15 months 1 7.42 
18 days 3 6.47 16 months 3 7.63 
14 days 3 5.90 17 months 3 7.63 
16 days 1 6.12 20 months 1 8.71 

1 months 3 6.29 2 years 2 7.86 

1% months 3 6.28 2% years 1 8.06 

2 months 2 6.32 

















It will"be seen that the protein content during infancy varies from 
6 to 6.5 per cent. and remains at this level until the tenth or eleventh 
month, when it begins to rise. By the fifteenth month it has reached 
the adult level. 

The results are expressed graphically in Figure 1. (For purposes 
of comparison the results obtained by Marriott and Perkins on infants 
suffering from acute diarrhea with toxic symptoms are included in 
the chart). 
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Figure 1 


We see here the influence of one of the factors mentioned in the 
beginning of this paper, namely, the age. The old, well known fact 
is once more stated: The younger organism contains relatively more 
water than the mature organism. 
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If we could follow the baby back into intra-uterine life we would, 
according to Bezold,? find a still higher water content. This explains 
very easily the high water content of premature infants which has 
been found as may be seen in Table 2. Premature infants do not 
acquire a normal water content before 3 months of age (Curve 1). 








TABLE 2.—BuLoop ProreIn oF PREMATURE INFANTS 














Average | Average 
Nuinber Age Protein Number | Age Protein 
Percentage Percentage 
ee ins eapenccineiiaeaiaiaiine  aaiainiaieteaneniiadiaes —_ 

1 1 day 4.9) 13 3 weeks 5.08 

2 1 day 4.16 14 5 weeks 4.16 

3 | 2 days 3.94 15 5 weeks 5.42 

3 3 days 5.13 16 6 weeks 4.47 

5 3 days 5.13 17 6 weeks 4.42 

6 1 week 5.78 18 | 7 weeks 5.03 

7 2 weeks 5.05 19 7 weeks 5.23 

8 2 weeks 5.68 20 9 weeks 5.68 

9 2 weeks 5.68 21 10 weeks 5.90 

10 3 weeks 4.59 22 3 months 6.34 

11 3 weeks 4.49 23 3% months «6 6.77 

12 3 weeks 4.26 


These tables serve as confirmation of Bezold’s conclusions, 

As far as the physiologic daily changes are concerned, there has 
been little done. Rusz,?7 who examined ten infants, found the protein 
content (refractometric method) to decrease steadily during the day 
and found the lowest value in the evening. This he believes to be 
the result of the fluid intake during the day. Furthermore, he found 
such a high difference between the morning and evening figures that 
he believes no conclusions can be drawn regarding pathologic changes. 
My findings do not agree with his. 


TABLE 3.—Btoop Protein or INFANTS SHOWING THE RESULTS OF SEVERAL 
EXAMINATIONS Upon THE SAME Day 











SS ee on — ~— = _ — 
No. 8 a.m. 12 noon 8 p.m. No. 8 a.m. 12 noon 8 p.m. 

per Cent. per Cent. per Cent. per Cent. per Cent. per Cent. 

1 7.68 8.28 8.38 8 6.34 6.22 6.34 

2 6.55 6.98 6.77 9 6.34 6.00 6.55 

3 4.47 4.26 4.25 10 5.90 6.00 6.65 

4 6.12 5.47 5.90 11 8.25 7.50 7.52 

5 6.34 6.22 6.55 12 5.78 5.90 5.78 

6 6.87 7.08 7.10 13 7.08 7.20 6.55 

‘ 


7.85 7.85 8.28 





Table 3 shows that of the thirteen infants examined six showed 
the highest protein in the evening, two no change, three lowest in the 
middle of the day and only two lowest in the evening. And, further- 
more, the daily difference never exceeded 0.75 per cent. It is thus 
seen that the daily physiologic changes are so slight that it is justifiable 
to draw conclusions from larger deviations in pathologic conditions. 


27. Rusz: Monatschr. f. Kinderh. 10:360, 1911. 
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So far as chronic nutritional disturbances are concerned, as has 
been mentioned before, different authors’ results differ very much. 
It was my special purpose to examine athreptic infants. 

“Athrepsia,” “pedatrophy” and “dekomposition” are all names used 
to indicate the last stages of a chronic nutritional disturbance. The 
picture is very well known to the pediatrician. We are dealing here 
with infants who usually have passed through several acute intestinal 
disturbances and at last have gone over into the athreptic stage and 
show the characteristic picture of athrepsia with gray, pale skin cover- 
ing a practically fatless body of which the bones, head and the stomach 
are the predominating parts. The hard, often rachitic bones fill the 
skin, which on account of the disappearance of fat from the subcu- 
taneous tissue, appears too large. The lines of the head and face bones 
are marked, the eyes are deep and the cheeks fallen in. On this 
account the terms “Greisengesicht” or “Face de Voltaire” are used. 
In Table 4 and in Figure 1 are shown results obtained on the blood 
serum of a number of these infants. 




















TABLE 4.—B.oop Protein or ATHREPTIC INFANTS 
Number Age Protein Number Age Protein 
Percentage Percentage 
1 1 month 5.78 20 3 months 5.68 
2 1 month 5.13 21 3 months 5.47 
3 1 month 5.30 22 4 months 5.31 
4 1% months 4.59 23 4 months 5.90 
5 1% months 5.68 24 4 months 5.57 
6 1% months 5.57 25 4 months 5.90 
7 1% months 5.38 26 4% months 5.57 
8 2 months | 4.37 27 4% months 5.49 
9 2 months 5.68 28 4% months 5.30 
10 2 months 5.31 29 5 months 5.47 
3° 2 months | 5.90 30 5 months 5.25 
12 2 months } 4.69 31 5% months 5.80 
13 24% months } 4.69 32 5% months 5.57 
14 2% months } 4.59 33 months 5.25 
15 2% months 4.81 34 6 months 4.67 
° = 8 months 5.78 35 7 months 5.32 
17 3 months 4.91 36 9 months 6.16 
18 8 months 5.68 37 18 months 3.94 
19 38 months 5.78 


| 
| 
| 
i 
| 
| 
| 
| 





By comparison with Table 1 it will be seen that the average proteia 
content of the serum of these infants is distinctly lower than that of 
normal infants. Why do these athreptic infants have a higher water 
content of the blood than normal infants of the same age? 1. Is this 
a direct result of the bad feeding usually preceding the emaciation, or, 
(2) is it dependent on the development of the athrepsia itself, or (3) 
is it to be regarded as an individual attribute, that is, belonging to the 
infant’s constitution ? 

In regard to the first question, it is to be noted that 80 per cent. of 
these athreptic infants whose blood has been examined have been fed 
entirely or almost entirely on sweetened condensed milk mixtures. 
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Without going into detail here, it will be seen at once by looking 
at Table 5 that it is a feeding with a very high sugar percentage and 
low fat, protein and salt per centage. It is overfeeding with carbo- 
hydrates and if diarrhea and vomiting are not the immediate results 
the infants after a while often stop gaining and a nutritional dis- 
turbance of the “mehlnahrschaden” type develops which at last leads 
to athrepsia. In reference to what has been said before in this paper 
relative to the influence of food on the water metabolism of the body, 
I will only add that Franke and Stolte** in their studies of liver 
substance from infants suffering from “mehlnahrschaden” found an 
abnormally high water and salt content. 











With With With 
Condensed 6 Parts 12 Parts 18 Parts 
Milk, Water Water Water 
per Cent. Added, | Added, Added, 
per Cent. | per Cent. per Cent. 
PR ancévicteadudehsansdedikaesidereneanes 9.61 1.37 | 0.73 0.50 
OE RES I SO 8.01 1.14 0.61 0.42 
Sugar (cane, 42.91; milk, 12.08)........... 54.94 7.89 | 4.75 2.90 
PERRET Pe eee ee Tee 1.78 0.25 0.13 9.09 
Wa 4c U8 ai gi ceessbeeeresouresdettbes 25.66 89.35 | 94.28 96.09 





* Holt: “Diseases of Infancy and Childhood,” p. 158. 


Furthermore, experimentally it has been found that such a feeding 
has not only a temporary effect on the organism but exerts a lasting 
effect on the chemical processes of the organism even after the feeding 
is changed. Several of these infants were followed for months with 
no change in the blood picture even though the feeding for a long 
time had been a proper one.. One infant who was discharged while 
gaining but with low protein content of the blood was admitted again 
two months later on account of diphtheria and showed just the same 
blood picture. 

As regards the second possibility, reference may be made to 
Ohlmiiller’s 2® work. He found by analysis of the organs from infants 
that a normal child contains 60 per cent. water and 40 per cent. solid 
material, while an athreptic one contains 74 per cent. water and only 
24 per cent. solids, a fact which he ascribed to the loss of fat in 
athreptic infants. 

The process could easily be considered as a lack of power on 
the part of the organism to build up its blood protein. 

As far as the third possibility, the individual or the constitutional 
factor, is concerned, it is well known that Czerny *° requires a con- 
stitutional factor for the development of athrepsia. That these infants 





28. Frank and Stolte: Jahrb. f. Kinderh. 78:167, 1913. 
29. Ohlimiiller: Ztschr. f. Biol. 18:78, 1882. 
30. Czerny: Am. J. Dis. Child. 3:171 (Feb.) 1912. , 
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either (1) have an exudative diathesis, or (2) are children of neu- 
ropathic parents with an extreme irritability of the nervous system 
of the intestinal tract, or, (3) are children with hydropic constitution 
who show differences in water and salt retention from normal chil- 
dren. If this were a matter of constitution the constant high water 
content even ‘after changing the food could be easily explained. On 
the other hand, we should not expect such a change-as is seen in 
the following cases. 
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Figure 3 


Figure 2 shows the findings from a patient admitted on account 
of gonococcus infection of the eyes. The blood protein on admission 
was normal, 6 per cent. The baby developed an ileocolitis. The 
blood protein went up to 7.20 per cent. Diarrhea stopped and blood 
protein went down to nearly normal but the baby would not gain and 
went over in an athreptic stage with drop of protein to 4.37 per cent. 

Figure 3 shows the results from an infant who was recovering 
from a nutritional disturbance. 
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After having had indigestion for three months the child was 
admitted very emaciated, a typical picture of athrepsia with blood 
protein 3.94 per cent. In the hospital the child recovered very rapidly. 
There was an increase in the protein content of the blood, which was 
8.06 per cent. when the child was discharged, in excellent condition, 
after having been fed on the high caloric whole lactic acid milk 
especially fitted for these athreptic infants (Marriott **). 

Both cases seem to indicate that there is a lack of power on the 
part of the organism to build up protein in the low athreptic stage. 

As both infants, however, before admission had been fed on sweet- 
ened condensed milk, the first mentioned factor, the food, also plays 
a part in those cases even if the blood protein in the first case was 
normal on admission. 

In order to determine whether or not the blood picture found is 
characteristic of the condition of athrepsia I have examined the blood 
of patients suffering from a variety of other clinical conditions. The 
results appear in Table 6. 


TABLE 6.—BtLoop Protein or INFANTS SUFFERING From Various DISEASES 




















Number Age Protein Diseases 
Percentage 

1 4 months 5.90 Exudative diathesis 

2 4 months 5.90 Harelip 

3 5 months 6.22 Bronchopneumonia 

5 6 months 6.55 Bronchitis 

6 6 months 4.81 Exudative diathesis 

7 6 months 6.77 Malaria 

§ 7 months 7.42 Tetany 

10 7 months 7.42 Tetany 

12 9 inonths 7.56 Tuberculosis 

12 10 months 7.52 Otitis media 

14 10 months 6.34 Bronchopneumonia; anemia 
15 13 months 8.06 Epidemic meningitis 

16 13 months 7.63 Tuberculosis 

17 13 months 7.20 Congenital syphilis 

18 | 14 months 8.49 Congenital syphilis 

19 14 months 8.0 Bronchitis 

20 15 months 7.95 Tuberculosis 

21 15 months 5.78 Pneumonia 

22 16 months 5.30 Pneumonia 
23 18 months 8.00 Encephalitis ' 
24 20 months 8.06 Encephalitis 

25 21 months 7.00 Tuberculosis = 
26 2 years 8.12 Rickets 

27 2 years 5.90 Rickets 
28 2 years | 7.0 Exudative diathesis 
29 2 years 7.00 Congenital syphilis 
30 3 years 8.36 Acidosis, postoperative 
31 7 years 6.45 tis 

33 1 year , 7.52 Bronchopneumoaia 








It is seen that with the exception of nephritis and exudative dia- 
thesis the figures do not differ much from those of normal infants. 
It is a known fact that in these two conditions there is a retention 


of water in the blood and tissues. 








31. Marriott: J. A. M. A. 73:1173 (Oct. 18) 1919. 
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IN WHAT RELATIONSHIP DO THESE BLOOD CHANGES STAND TO THE 
SYMPTOMATOLOGY OF NUTRITIONAL DISTURBANCES 


The similarity between the water content of premature and of 
athreptic infants is very striking (Tables 2 and 5). We know that mor- 
bidity and mortality decrease from birth to full development, and that 
both mortality and morbidity of premature infants are still higher than 
among babies born at term. When we remember that the water con- 
tent of the blood also steadily decreases from prematurity to the time 
of full development it seems that we cannot help but place these two 
facts in relation to each other. We are well acquainted with the low 
immunity of the premature infant and just as well acquainted with 
the different and often multiple infections which often form the most 
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Figure 4 


prominent feature in the picture of athrepsia. So prominent indeed 
that there was a time in pediatrics when the infections, especially otitis 
media with intoxication from bacterial products, were considered as 
a cause and not as one of the symptoms of athrepsia. The high 
water content of the premature and athreptic infants might be con- 
sidered one of the factors which explains their low immunity. 

Experimental work has confirmed the finding of the low immunity 
of hydrated tissues (Schultz **). 

Weigert’s work ** emphasized the importance of the water content 
of the medium for growth of different bacilli; he found further ** 
that pigs fattened on high carbohydrate feeding whose tissues were in 
a state of hydration, showed an exceptionally low resistance to tuber- 


32. Schlutz: Am. J. Dis. Child. 16:135 (Aug.) 1918. 
33. Weigert: Centrabl. f. Bakteriol. 36:112, 1904. 
34. Weigert: Berl. klin. Wcehnschr. 44:1209, 1907. 
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culosis as compared with normal pigs or those fed on mixtures pre- 
dominating in fat content. Thomas ** and Hornemann * corroborated 


these findings. 


THE BLOOD CIRCULATION IN INFANTS IN HEALTH AND DISEASE 
( ATHREPSIA ) 


Until recently observations on the rate of blood flow have been 
made almost exclusively in the laboratory since there were no known 
methods fitted for clinical application. 

Two methods have been in general use. One, Ludwig’s “Stroh- 
muhr” or various modifications of this; the other, which does not 
involve any interference with the blood vessels, the plethysmographic 
method of Brodie. This latter method has long been known but it has 
found little application to clinical work. Even the application of the 
plethysmographic method to the arm (Hewlett and von Zwaluwen- 
burg **) has not found any general use. 

A method easily adaptable to clinical work is the calorimetric 
method of Stewart.** The principle of this method is: that providing 
the blood passing from the thorax to the hands or feet is of constant 
temperature the rate at which heat is distributed from the hands or 
feet will be directly proportional to the rate of movement of the blood 
through these parts. Stewart found that hands, and, to a less degree 
the feet, are good radiators and if the temperature of the environment 
is not much lower than the temperature of the blood, while this is 
traversing the part, heat will be lost to the environment until the 
venous blood has reached the same temperature as the surroundings. 
When we then know how much heat has been given out by the part 
to the water surrounding it in a given time, and we know the differ- 
ence in temperature of the inflowing and outflowing blood we can 
easily calculate the blood passed in a unit of time, per unit of mass. 
The formula used for the calculation is, Q=-7r- H being the 
calories of heat given up to the calorimeter; T being the tempera- 
ture of the arterial blood; T, being the temperature of the venous 
blood. We must know the cooling curve and the specific heat. of 
the calorimeter. Stewart worked with a calorimeter especially made 
for this purpose and found the average blood flow in adults to be 
14 c.c. of blood per hundred grams of hand in one minute. 

As the results obtained by this method have never been checked up 
by results obtained by determining the actual blood flow, some experi- 
ments on dogs with Tigerstedt’s modification of Ludwig’s Strohmur 


35. Thomas: Biochem. Ztschr. 57:456, 1913. 

36. Hornemann: Biochem. Ztschr. 57;473, 1913. 

37. Hewlett and Zwaluwenburg: Heart 1:87, 1909. ‘ 
38. Stewart: Heart 3:33, 1911. + 
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have been done in the physiologic laboratory of Washington University 
under the direction of Dr. Erlanger. 
on five dogs using the iliac artery on the same side as Stewart’s 


method had been applied directly before the operation. 


will be seen from Table 7. 


TABLE 7.—DEeETERMINATION OF BLOoop 








The blood flow was determined 


FLtow UsINnG 


The results 


In1ac ARTERY 








| 














Stewart Strohmur 
Method, Method, Blood 
No | Weight in Cale. Cale. Pressure 
| Gm. per 100 C.e. per 100 C.c. in Mm. 
Mass in Mass in Hg 
1 Min. | 1 Min. 
ah) ee | 6,100 15.4 ce. 14.4 ©.c. 128 
ee 9 Sa ee eee 5,200 10.0 ¢.¢. 10.4 ©.¢. 120 
3 Starved dog (8 days).............. 4,720 11.16 ¢.c. 10.67 ©€.e. 110 
4 Starved dog (35 days).............. 2,200 5.12 ¢.¢. 4.30 ©€.c. 105 
) Starved dog (10 days)............. | 5,200 7.60 ©.¢. 4.30 ¢.c. © 


The figures correspond very well except in one instance. 

On applying the method to infants, an ordinary large vacuum food 
jar was used as a calorimeter. The top was closed by a layer of 
cork and felt with the necessary openings for the hand, thermometer 
and stirrer. Since, as far as I know, no studies have ever been made 
on the blood flow in infancy the rate in normal infants had to be 
determined first. 


TABLE 8.—BLoop Frow or NorMAL INFANTS 





C.c. of 
Blood per 





C.c. of 
Blood per 


Number Age 100 Gm. Number Age 100 Gm. 

of Arm of Arm 

(right) (right) 

per Min. per Min. 
1 4 month 14 16 7% months 10 
2 1 month 15 17 8 months 17 
3 2% months 15 18 9 months 19 
i 3 months 19 19 9 months 15 
5 2 months 15 20 13. months 16 
6 3 months 16 21 13 months 19 
7 3 months 18 22 16 months 17 
7 3 months 20 23 17. months 14 
9 3% months 20 24 18 months 20 
10 4 months 17 25 19 months 14 
11 4 months 17 26 20 months 19 
12 4 months 21 27 24 months 16 
12 4 months 16 28 2% years 15 
14 6 months 20 29 2% years 5 

15 6% months 22 Average 17.3 





It will be seen that the rate of blood flow. in the right arm of a 


normal infant is fairly constant and varies from 14 to 22 c.c. with 
an average of 17.3 c.c. of blood per hundred c.c. of arm per minute. 
Determinations made on the foot showed two-thirds of the value for 
the hand, that is to say, from 11 to 12 c.c. per hundred c.c. of body 
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If we take 17 c.c. as the normal flow for infants, we find that 
the blood circulation in infants is higher than in adults, a fact which 
I had previously suspected (Utheim **) without having been able to 
prove. 

In table 9 are given the results obtained on the blood flow of 
athreptic infants. In the case of a number of these infants, several 
determinations were made on different days and when the infants 
were in various states of nutrition. These results are recorded. 
Results are expressed in terms of c.c. of blood per 100 grams of 
arm per minute. 


TABLE 9—BLoop FLtow or ATHREPIC INFANTS 











No Age, Mo. Mo Cx Cx C.e. C ¢ Cx C.c Cu 
l 1 6 5 5 5 

2 1 6 6 4 8 12 

3 1 3 3 6 

4 l 5 7 

5 1 7 7 

6 2 6 8 

7 2 5 6 6 7 8 

8 2 5 

9 2 7 7 

10 2 12 5 5 3 14 

1l 3 7 

12 3 5 

13 3 10 

14 3 

15 3 v 

16 3 3 2 1 2 4d 3 4 0 
17 3 “ 4 

18 4 3 

19 4 5 s 15 15 15 15 
” 4 6 

21 4 9 

92 4 ) 2 3 2 4 
23 5 17 2 14 6 3 

24 5) 4 

25 5 2 4 3 

26 5 7 ) 2 

27 5 13 17 13 is 11 13 
28 5 7 9 3 

29 5 ~ 

30 6 5 3 3 

31 6 3 6 

$2 9 + 3 4 2 4 5 1 3 
34 17 11 8 

35 18 8 9 








Comparison between the blood flow of athreptic infants (Table 
9) and of infants suffering from various diseases (Table 10) indicate 
that low blood flow is a special attribute of athreptic infants, and 
of those suffering from acute diarrhea. 

Why do these athreptic infants show this very low rate of blood 
flow ? : 

The factors which determine the rate of blood flow must be con- 
sidered. These are four: (1) the condition of the heart; (2) changes 
in blood viscosity; (3) changes in the total blood volume, and (4) 
influence of the vasomotor system. 


39. Utheim: Norsk. Mag. f. Lagevidensk 15:802, 1917. 
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As to the heart, electrocardiographic studies made on some of the 
infants in this series by Dr. McCulloch *° have shown that deviations 
from the normal type of curve may occur. Such changes are, how- 
ever, not constantly observed. The blood pressure, as will be seen 
later, is not usually low. The pulse rate, however, may be slow. 
There is, at present, not sufficient experimental evidence upon which 
to base a definite conclusion as to the role of the heart in the causation 
of the low volume flow of the blood. It is certainly necessary to 
consider other factors. 


TABLE 10.—Bioop Fiow 1n INFANTS SuFfFeRING From Various DIsEASES 




















No. Age. Mo. Disease C.e. C.c. C.e. C.c. C.e. Ce. C.e. 
1 2 Mi iibes s6nciabs 27 36 26 28 29 27 17 
2 1 bse vecsucads 82 
3 7 Anemia....... 2 31 
4 12 Malnutrition......... 11 
5 6 Malnutrition......... 10 
6 12 Malnutrition......... 12 
7 6 Malnutrition......... 15 
8 9 Malnutrition......... 15 
9 4 Malnutrition......... 13 

10 s Tuberculosis......... 9 

11 13 Tuberculosis......... 18 11 11 15 
12 22 Tuberculosis......... ll 

13 5 Tuberculosis......... 11 

14 i) Tuberculosis......... ll 12 

15 32 Tuberculosis......... 12 

16 6 Tuberculosis......... 21 

17 12 Tuberculosis......... 12 

18 21 Tuberculosis......... 23 

19 14 Tuberculosis.... ..:. 13 

20 20 Se 12 

£1 24 Congenital syphilis.. 15 

22 12 Congenital syphilis.. 16 

23 6 Meningitis........... 14 13 27 26 25 
24 12 EE 19 14 i1 82 
25 14 eae s 

26 24 a er 19 

27 9 er 5 & 13 9 
28 24 ae ll 

29 12 ee 10 

30 24 Hypotbyroidism..... 3 

31 4 Hypothyroldism..... 20 

32 6 Acute diarrhea....... 8 9 8 

33 9 Acute diarrhea....... 2 5 3 5 

34 7 Acute diarrhea....... 16 

35 7 Acute diarrhea....... 5 

26 8 Acute diarrhea....... 3 5 

37 - 4 Acute diarrhea....... 10 & 12 10 10 10 

38 1 Acute diarrhea....... 7 
29 2 Acute diarrhea....... 6 3 
40 5 Acute diarrhea....... 7 8 





As far as the blood viscosity.is concerned, this is,-as is well 
known, a function of the protein concentration. As the protein is 
low in these infants the change should be on the low side arid should 
tend to increase instead of diminish the circulation. 

Passing to the total blood volume, some of the infants examined 
in this paper showed a diminished blood volume (Marriott **) a fact 
which very well explains the low rate of blood flow. Other cases 





40. McCulloch: Am. J. Dis. Child. 20: (Dec.) 1920 (to be published). 
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of athrepsia, however, did not show diminished volume in proportion 
to the body weight though they showed the same low rate of, blood 
flow. What is the cause in these cases? 

The constriction of the peripheral blood vessels must be an impor- 


tant factor. 


That such a constriction actually takes place in these emaciated 
infants seems to be proved by the differences in venous and capillary 
blood -with. the higher cell count and hemoglobin content on the 
capillary side in all cases of athrepsia except one (Table 11). 


TABLE 11.—DiIrrerence BETWEEN 


ATHREPIC INFANTS 





VENOUS 


AND CAPILLARY 











BLoop IN 























Venous Capilliry 
No. Age oe —— ———_- —— - —— ---—- -~_——__________ -- ——— —— 
Erythro- Leuko- Hb., Erythro- Leuko- | Hb., 
cytes cytes per Cent. cytes cytes | per Cent. 
1 1% mos. ON 133 
2 4 mos. segavnants 5 SR a ee ee 123 
3 2 mos. iineeawee Weess 0 @easentes” Te sqewe 99 
4 5 wks. a Ugh, oe ae Sy 71 
5 3 mos. 78 oaeneel 86 
6 3 mos. piteseons cae 8 100 eibee 117 
7 1 mo. Riveter tA Stub 100 Some 120 
8 4 mos. guneeaene —— 108 bane nouaiea 120 
9 3 mos. 3.416,000 8 800 78 4.704.000 15.600 102 
a oer 4.312.000 12,400 105 4,880,000 17,600 109 
11 4 mos. 4,880,000 8,400 98 5,184,000 9,000 105 
12 2 mos. 3.296 000 8.000 96 4,056 000 8 600 102 
13 2 mos. 2,160,000 8,000 76 2,360,000 8,600 87 
14 3 mos. 3,080 000 8,000 83 3,152,000 avecen 87 
15 4 mos. 2.248 000 8,000 80 2,736.000 14,300 91 
16 5 mos. 5,565,000 17,000 85 6,480,000 12,200 90 
17 2 mos. 2.992.000 . 19,200 42 8,072,000 24,000 50 
18 2 mos. 2,212,000 18 000 38 2.400,000 20.000 43 
19 4 mos. 4.100 000 18 000 9 5,392,000 | 22,000 9 
20 2 mos. 1,944 000 13.200 40 2,552,000 14,000 43 
TABLE 12.—DirrereNce BETWEEN VENOUS AND CAPILLARY BLOoop IN 
NorMAL INFANTS - 
Venous Capillary 
No. Age --——-—- -— << ———_—_—_—_—— 
Erythro- Leuko- Hb., Erythro- Leuko- Hb., 
eytes cytes | per Cent. cytes eytes. per Cent. 
1 2 mos. 3.976,000 9 000 119 3,912,000 8,000 120 
2 9 mos. 4,5€0.000 6,400 109 4,136,000 6.500 105 
3 14 years iesene douse 125 chap nnn catian © 125 
4 3 mos. 95 90 
5 2 years 83 83 
6 12 years . eee se ee 100 
7 2 mos. eS 83 83 
& 4 mos. iim t —senbie ae *) . séticaerde. Lenin 113 
OM Asc. 6F  Seteeeee TE”  elbees ee ere eer Lo 78 


| 

















Most of the hemoglobin determinations were made by Palmer’s 
method; *t a few were made with the Sahli hemoglobinometer. The 
‘Turk counting chamber was used for the cell counts. All determina- 
tions were made with the same blood pipette. 





41. Palmer: J. Biol. Chem. 33:119, 1918. 
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Such a difference was not found in normal infants or infants 
suffering from various diseases, with the exception of some of the 
cases of acute diarrhea, one case of tuberculosis, one of nephritis and 
one of meningitis. 

The next question then arises. Why does this peripheral constric- 
tion take place? <A fact will be referred to which is mentioned later. 
These infants have to be considered as being in the same physical 
condition as a starved animal, that is, an organism which has nothing 
to waste and works in the most economical way. In order to diminish 
the loss of heat from the body surface a peripheral constriction takes 
place. The blood, then, naturally is distributed from the peripheral 
parts of the body to the internal organs. 


TABLE 13.—Dirrerence BETWEEN VENOUS AND CAPILLARY BLoop IN 
DIFFERENT DISEASES 




















Venous Capillary 

No Age Disease - etl oo-scinntsinegeininiheictnatininnripemmmeiamamcemsitieenap 
Erythro- | Leuko- | Hb., | Erythro- | Leuko- | Hb., 
cytes cytes % cytes cytes | % 
1 8 yrs. | Tuberculosis........... ey Pilea 111 LS ee | 107 
2 9 yrs. Heart disease.......... Gdiecsde oman st” ae biaielenaiaace ore 
3 9 yrs. Heart disease.......... Dacidepliee SE watens 123 a ‘ives. 1° ae 
4 2 yrs. ee cn wae alias seeks 57 sdmessees | wsssse § OF 
5 12 mos. | Tuberculosis........... anode seis 94 ese ae ire con 82 
6 15 mos. | Meningitis............. reqs Jombabs ok ere ea 78 
7 9 mos. | Tuberculosis........ ah Matmedkee? A  wmemié SO Siudbebiin Ai. eteans 87 
§ 4 mos. | Tuberculosis........... sos eicnance heecsds 91 a naenieien weal 91 
9 2 mos. | Tuberculosis........... piiieatatoers esate $5 | 86 
10 6 mos. | Acute diarrhea.........| ......... Se 83 ican pibemis 87 
11 |13% mos.) Meningitis............. Ctadvebes’ A eseales 81 et eee Cp ee. Te 
12 9 mos. | Tleocolitis.............. baapreccs | sé evess 87 oceeccers coeess 87 
“ee > Se FO er ae ; — 97 ea wee 97 
14 1 yr. Ss g53% cp ceann | saerseees eae 114 saiieaticn cae 114 
15 ZS yrs. | WORRIES... 0 .cccccse icuneeee) 1. .-caeee 91 oeabaegun och Seo 100 
16 | 6 mos. | Malnutrition........... | seseceess oeeeee BIL | evesecnes oseees 111 
17 | 8 mos. | Acute diarrhea.........| 5,184,000 : 81 6,352,000 87 


18 | 2 mos. | Acute diarrhea......... 3,536,000 | 16,400 65 | 4,064,000 | 18,400 | 70 





It is easy to understand how this low rate of blood flow, in some 
instances from 80 to 90 per cent. less than normal, could be a factor 
which, together with the high water content of the blood, would still 
further lower the resistance of these infants. 

On account of lack of nourishment, the body cells will degenerate, 
the oxidizing power of the body tissue will diminish and the organism 
will progressively be broken down. 


THE BLOOD PRESSURE IN ATHREPTIC INFANTS 


A survey of the literature in regard to blood pressure in infancy 
reveals rather widely varying values for normal infants. The reasons 
for this are, as usual, that the methods employed have been different. 
Examinations have been few and the selection of material has not 
been sufficiently careful. 
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TABLE 14.—BtLoop Pressure of NoRMAL INFANTS EXPRESSED IN 
MILLIMETERS OF MERCURY 














| 




















No. Age Systolic Diastolic No. Age | Systolic Diastolic 
1 % mos. &) 70 17 5 mos. 80 60 
2 1 mo. 85 70 18 6 mos. 90 80 
3 1% mos. 90 70 19 8 mos. 85 70 
4 2 mos. 85 70 20 9 mos. 85 65 

83 65 85 60 
80 65 21 9 mos. 90 20 
5 2 mos. 92 75 22 10 mos. 7 75 
6 3 mos. 95 80 23 12 mos. 100 80 
95 75 24 12 mos. 100 80 
7 3 mos. 90 75 25 13 mos. 95 75 
8 3 mos. 95 85 26 13 mos. 90 6 
95 80 27 14 mos. 98 7 
9 3 mos. 95 85 28 15 mos. 95 60 

10 4 mos. 5 75 29 16 mos. 100 7 

11 4 mos. 90 » 30 16 mos. 105 90 

12 4 mos. 95 80 31 19 mos. 105 80 

13 4 mos. 95 70 82 20 mos. 98 70 

14 4 mos. 95 75 33 24 mos. 100 75 

15 4 mos. 95 75 34 24 mos. 100 80 

16 5 mos. 85 70 35 28 mos. 95 75 

mF 70 
TABLE 15—Btoop Pressure or INFANTS SUFFERING From VARIOUS 
DISEASES EXPRESSED IN TERMS OF MILLIMETERS OF MERCURY 

No Age Disease Systolic Diastolic 
1 3 mos. IS Cheatin dusloae Whtdees eexnn sou 95 90 
2 4 mos. NEN iuicctovedkecaswoesewhihate 70 50 
75 50 
8 4 mos. pe er ee ee 100 95 
99 70 
95 77 
+ 4 mos. RN: 5 inci 5p Ri eGandces babdns cad sewee 95 75 
5 5 mos. Miliary tuberculosis................e0s. 105 95 
6 5 mos. Eo occd debs vacddccsctbuaboesneee 86 65 
i 5 mos. tsk 0 atulsle 60 6ne's'e vane suneaenene 7 65 
8 6 mos. I 5:0 6 eRR Gos kbd areas iba eee 100 85 
100 85 
9 6 mos. NG BIN 5 o's 565s v0 des vsttinaseoo’ 105 oo) 
10 6 mos. I ona in cbs cenbetawkentaieee 65 45 
11 7 mos. IR icc cede us scenes vane reeanwe 95 75 
12 7 mos. Ss occniekicsvesbscensceues 100 8&0 
13 8 mos. Na ie col dsdteneesdneadebeeees 85 65 
85 65 
14 S mos Acute diarrhea............... ape re 88 70 
75 55 
15 9 mos. as a icc vcnvesnevensoenawes 100 80 
105 80 
16 9 mos. Se GR iis oo kewicdcdcestuseuata 100 80 
100 80 
17 10 mos. PION, vic 066 0.0 ch spec Webic Oowanes 4 75 
100 60 
18 10 mos Ne iss 204 eke vs cevebevedupacueed 85 60 
19 13 mos. Epidemic meningitis................... 105 90 
20 13 mos. MNEs cde -<vccovcesesésateatéd 88 70 
95 80 
95 60 
90 70 
90 70 
21 13 mos. Congenital syphilis................ ‘ 95 75 
22 14 mos. Hypothyroidism. .........cssescssseeee 120 oi) 
120 80 
23 14 mos. ES 5 cx occrcie trod onic ceawases 105 70 
24 14 mos. ss 5 coco dc0 os coeercdnrenents 105 90 
25 15 mos. PUT OOS Bees ccc cscccvccvcceccocoestes 105 90 
105 90 
26 15 mos. Meningitis...... opi evedinalitemataies cubes 95 80 
95 80 
27 15 mos. SS Ee Pe ee ee 120 60 
28 21 mos. cca ss nudowksdeventecsveckee 90 60 
29 24 mos. pO ee ore 105 & 
| 105 &5 
30 24 mos. I ins 0 ic cc csthnesccscesinesss &2 55 
$1 24 mos. aad occa sstevsnsebeckgeteens 9 60 
32 3 years 1 MCIGOBIB....00..cccececeeceesccccecesces | 115 75 

' 


























UTHEIM—BLOOD AND CIRCULATION 385 


It was found necessary to gather normal material, not in order to 
make a complete study of the normal blood pressure in infants with 
its physiologic variations, but in order to be able to compare the 
results on athreptic infants with results obtained with the same appara- 
tus and in the same way on normal infants. A Tycos sphygmoman- 
ometer with a cuff which was made to fit the infant’s thigh was used. 
Thé auscultatory method was employed. No blood pressures were - 
taken on the arm. The examinations were always made between 7 
and 9 p. m. when the infants were most quiet. Only those results 
obtained from infants who were completely quiet have been recorded. 


TABLE 16—BLoop Pressure oF ATHREPTIC INFANTS EXPRESSED IN TERMS 
OF MILLIMETERS OF MERCURY 























| | 
No. Age, Weight, | Sys- Dias- No. Age, = Sys- Dias- 
Mo. Gm. | tolic tolic tolic tolie 
1 1 2,625 80 70 15 4 | 3 8, a 9 70 
80 70 16 4 2,358 64 35 
80 70 | 78 60 
85 | 60 84 55 
2 1 2,590 80 70 | 
3 1 2,500 83 | 655 17 4 Se * Bw 1° 6 
4 2 3,625 95 | 85 85 | 30 
% | 
90 78 18 4 8,000 8 | 
95 ~ 19 4 2.500 | 80 60 
5 2 3,375 80 65 20 5 3,900 | 78 65 
6 2 2.160 72 50 2 80 
7 2 2,430 88 65 | 92 £0 
94 70 
. 2 2,320 75 60 21 6 | 8,780 90 75 
9 2 3,000 90 7% «J 90 65 
80 55 105 95 
83 60 
é 8 | 55 22 | 6 4,540 90 75 
10 3 3,450 98 | 80 23 7 3,850 | 82 55 
11 3 3,030 9% | 8s 24 | 7 4,050 % (| 2 
98 | 80 25 | 9 6,075 ~~ | @ 
1? 4 4,225 87 73 _ 105 | 89 
13 4 4,330 100 90 105 85 
95 . 8 106 85 
95 79 95 70 
14 4 | 2,800 92 75 
105 85 26 12 | 6,240 85 70 
100 75 27 17 | «6,450 85 70 
92 75 | 90 20 

















From Tables 14, 15 and 16 it will be seen that the blood pressure 
of athreptic infants usually does not differ very much from that of 
normal infants of the same age and from infants suffering from 
various diseases. In exceptional cases low pressures have been 
observed (Cases 6, 16, 20). It should be mentioned that the results 
obtained at the thigh are higher than those of other authors who 
have vsed the arm for the determination, evidently due to the fact 
that the cuff is applied to a larger limb. 














386 AMERICAN JOURNAL OF DISEASES OF CHILDREN 
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PART II. ANIMAL EXPERIMENTS. WHAT CHANGES TAKE PLACE IN 
TOTAL BLOOD VOLUME DURING DIFFERENT 
STAGES OF NUTRITION? 


‘ 


Some experiments on animals (rabbits) have been done in order 
to determine what changes take place in total blood volume during 
different stages of nutrition and especially to follow the blood volume 
during a prolonged under feeding period after having brought’ the 
weight down to an abnormally low level for the animal, a nutritional 
condition comparable to athrepsia. 

The blood protein, blood flow and hemoglobin were followed during 
these changes in the nutritional condition in order to see in what 
relationship these factors stand to the total blood volume of the 
organism. 

For purposes of comparison the blood protein and blood flow in 
normal animals were first determined (Tables 17 and 18). 























TABLE 17.—Btoop Protein 1N NorMAL RaBBITs 
| 
No Weight, Protein, No. Weight, Protein, 
Gm. per Cent. Gm. per Cent. 
1 1,700 6.34 16 3,050 6.65 
2 1,600 6.34 17 2,850 8.28 
3 2,100 6.12 18 2,330 6.98 
4 1,700 5.08 19 2,570 6.98 
5 1,950 6.98 20 2,050 6.55 
6 1,720 5.90 21 1,926 6.55 
7 1,600 6.34 22 2,700 6.12 
8 1,820 5.68 23 2,750 6.55 
9 1,820 6.12 24 2,500 6.22 
10 1,750 6.55 25 2,550 6.12 
11 900 6.00 26 2,500 6.44 
12 1,720 6.12 27 2,760 6.44 
3 1,380 6.22 28 2,150 6.55 
14 2,430 6.22 29 2,650 6.55 
15 3,120 6.22 ; Aver. 6.40 














TABLE 18,—Btoop FLtow or NorMAL Raspits EXPRESSED IN TERMS OF C.c. OF 
Bioop Per Hunprep C.c. or Mass or Hinp Lec 1n One MINUTE 











No. Weight, Flow, No. | Weight, } Flow, 








Gm. C.e. Gm. | C.e. 
12 1,450 10.64 23 2.250 7.00 
13 1,520 8.50 24 2,500 7.58 
14 2,330 6.44 25 2,700 | 7.50 
15 3,120 12.80 26 2,500 10 99 
16 3.050 8.20 27 2,700 | 9.80 
17 2,850 9.50 28 2,140 9.50 
18 2,270 10.60 29 2,750 6.16 
19 2,560 12.80 30 1,800 5.80 
270 1.860 10.75 31 2,150 8.41 
21 1,760 14.00 39 2,400 9.00 
22 2,700 10.00 : | Aver. 8.8 





The normal blood protein for rabbits weighing from 1,000 to 3,000 


gm. averages 6.40 per cent. 
Normal rabbits weighing from 1,500 to 3,000 gm. of weight show 


from 5.8 c.c. to 14 c.c. with an average of 8.8 c.c. of blood flow per 


a 
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hundred c.c. of leg per minute. As far as the total blood volume 
is concerned, it was of especial importance in this work to use a 
method which required little loss of blood and does no harm to the 
animal. Such is the dye method of Keith, Rowntree and Geraghty,* 
the principle of which is the introduction directly into the circulation 
of a nontoxic, slowly absorbable dye which remains in the plasma long 
enough for thorough mixing and the determining of its concentration 
in the plasma calorimetrically by comparison with a suitable standard 
mixture of the dye and serum. Such a dye is vital red. 

Those who have made the most careful studies of blood volume 
in animals are, perhaps, Dreyer, Ray and Walker,** who determined 
blood volume in rabbits indirectly by bleeding. They found the nor- 
* mal blood volume of a rabbit weighing from 2,000 to 3,000 gm. to 
be from 4 to 5 per cent. of the body weight. 

The results which I have obtained on rabbits appear in Table 19. 


TABLE 19.—BLoop VotumMe or NorMAL Rassits 




















No. Weight, Plasma Vol., Blood Vol, Per Cent. of |=” 
Gm Ce. C.e. Body Weight 

2 2,100 65 92.8 5.1 1.76 
5 1,860 70 100.0 5.5 1.48 
6 1,675 60 85.7 5.1 1.€4 
7 1,520 56 82.6 55 1.60 
8 1,800 70 100.0 5.4 1.48 
10 1.800 BO 71.0 oo 1.64 
12 1,820 50 83.3 4.5 1.°9 
14 2,440 73 108.9 4.5 1.79 
15 3,130 £0 123.0 4.0 1.73 
16 3,050 t 80 129.0 42 1.63 
17 2,850 75 115.3 4.04 1.74 
18 2,320 72 112.5 4.8 1.59 
19 2.570 87 133.8 Jl 1.40) 
20 2,050 64 104.9 5.1 1.57 
21 1,550 64 98.4 5.5 1.48 
22 2,700 87 124.7 4.6 » L.85 
23 2,250 70 116.6 5.2 1.48 
24 2,500 73 115.8 4.6 1.59 
25 2,450 68 106.2 4.2 1.71 
26 2.500 £0 123.0 4.9 1,50 
27 2,700 75 122.8 4.5 1.58 
28 2,150 66 104.7 4.8 T.59 
29 2,700 77 122.2 | 4.4 1.59 
PINE, Pons iw Sdain'ed uns £04000 5t0ENE VON TEENS D Epes 40 06h5 4406040405 94)6000¥05 1.€0 





When we compare these results on normal rabbits with the results 
of Dreyer, Ray and Walker we see that they correspond very closely, 
which shows that the method used in this work is entirely reliable. 
It is necessary to note however, that if there is either hemolysis or 
lipemia present in the blood specimens the results cannot be used. 

Dreyer, Ray and Walker ** have called special attention to the fact 
that blood volume is a function of the surface area of the animal; 


42. Keith, Rowntree and Geraghty: Arch. Int. Med. 16:547 (Oct.) 1915. 
43. Dreyer, Ray and Walker: Phil. Tr. Roy. Soc. London 201:133, 1910, 
Ser. B. 
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that is to say, the smaller animals have a relatively larger blood volume 
than heavier animals of the same species and this fact may be expressed 
by the formula based on Meeh’s ** formula for determining the surface 
area of the body from its weight. The formula used in warm- 
blooded animals is: B= We, B being blood in c.c.; W heing the 
weight of the animal in grams and K being a constant to be calculated 
for each species of animal by experimental determination of the total 


bloed volume and substituting this for B in the equation K = we , he 


found K for rabbits to be 1.59. According to my experiments K = 
1.60. His statement is once more confirmed that the relationship 
between blood volume and surface area of the animal is a fairly con- 
stant one. ' 

When we now pass to the changes taking place during different 
stages of nutrition it should be mentioned that various authors have 
differed considerably in the results obtained. Panum,** Voit ** and 
London *’ of the earlier authors feel convinced on the basis of their 
material that in animals (dogs and rabbits) subjected to complete and 
exhausting starvation there is no change in the proportion of blood 
to body weight. On the other hand, Bidder and Smith * take an 
opposite point of view. A. Rasmussen and G. Rasmussen **® found 
in a recent study that the blood volume in woodchucks. is lowest when 
the animals contained a maximum of fat. After dormancy and before 
food is available the percentage of blood is again high and the most 
emaciated animals have the highest percentage of blood in proportion 
to body weight. 

My rabbit experiments were done in the following way: After 
a complete examination of blood volume, blood flow, blood protein, 
hemoglobin and corpuscular volume the animals were completely fasted, 
neither food nor water being given until the weight was reduced to 
the lowest point compatible with life. At this stage all the determina- 
tions were repeated. An amount of food and water just sufficient 
to prevent further drop in weight was then given and the determina- 
tions repeated at intervals. Most of the rabbits for months practically 
maintained their weight at a level much below normal. Others gained 
a little but were again brought down to the low level and remained 
there until death occurred. 


44. Meeh: Ztschr. f. Biol. 15:425, 1879. 

45. Panum: Virchows Arch. f. path. Anat. 29:241, 1864. 

46. Voit: Ztschr. f. Biol. 30:510, 1894. 

47. London: Arch. f. Biol. Wissensch. 4:516, 1896; Abstr. from Muhlmann: 
Centrabl. f. allg. Anat. u. path. Anat. 10:186, 1899. 

48. Bidder and Smith: Die Verdauungssafte und der Stoffwechel, 1852, 
p. 332. 

49. Rasmussen, A., and Rasmussen, G.: Am. J. Physiol. 44:132, 1917. 
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TABLE 20.—Resutts or EXPERIMENTS ON FASTING AND UNper-Fep RassitTs 















































| | | 
| ! a —= pes onc 
a ; = 3 aE e=é 
| Ze 5 : OS a 2 £>= 
| han = ¢ S | aelae eck 
hy = 3S oa o 3 7 — 2 #6 = 
| & si¢ie#2#i8i7.| ¢/ 8 E | BR ¢ As 
4 si% ~|2 lagi 2/2 S | SS £28 sede 
¢| ip = s|8o| =| 4 > 7 > BER |St08 
4| = 2 2 | # $17 |as| 8B! § S | BE Zell CEs 
S}e zg igiz| £|€)88 2 2! & | gs eh pase 
Z r=) a = aX | =) xs a, x x ° A, 
3} 2,100 9/13 0 0 612 | 6 | 30 65 @8 | 51 | 1001 | —7.8 
| 1,350 9/24 11 0 6.12 | 60 25 5 73.3 5.4 76.3 — 4.0 
4 | 1,520 2/10 0 ( 5.038 | 75 .. | 10.6 
| 1,070 | 9/18 8 0 | 7.20 | ka 1.5 | 
| 1,350 9/22 4 5.77 | os 6.6 } 
| 1,200 | 10/24 34 6 | 70 30 48 68.5 5.6 70.61 | — 3.0 
| 1,350 | 11/1 46 30 58 82.8 6.1 76.3 7.8 
| 1,320 | 11/25 65 24 55 72.3 5.5 75.21, — 4.0 
7 | 1,520 9/10 0 0 65 32 56 82.6 | 5.5 82.62 0 
| 1,270 9/17 7 0 70 27 52.5, 71.5 5.5 73.30| — 2.5 
1,320 | 10/ 8 21 “a 49 64.4 4.9 75.21 | —16.7 
8 | 1,800 9/13 0 0 5.68 60 30 70 100.0 5.4 92.48 7.5 
| 1,185 9/19 6 0 6.22 | 55 = ad 50 60.9 5.14 70.0 —14.9 
9 | 1,850 9/14 0 0 6.12 | 70 35 48 73.0 4.02 94.2 —29.0 
| 1,430 | 9/24 10 0 ee en ja es 42 57.0 | 4.03 | 79.3 —39.0 
1,200 10/ 6 oe 11 ‘ 30 46 65.7 | 5.4 70.61 — 7.4 
1,310 10/20 25 33 50 74.6 | 5.7 7483 | —0.2 
11,120! 11/8 ia 44 85 es BO 59.5 5.0 67.41 —13.2 
10 | 1,800 9/11 0 0 75 0 50 71.0 | 92.5 —30.2 
1,220 9/20 y 0 | 75 20 438 60.0 4.8 71.4 —19.0 
1,150 | 10/ 7 7 
1,130 10/21 32 52 - 52 67.5 6.0 67.80 — 0.4 
1,160 | 11/8 49 54 22 a 51 65.3 5.5 69.00 | — 5.6 
12 | 1,820 9/10 0 0 75 a .. | 5O 83.3 4.5 93.2 Ais 
1,150 9/19 9 0 75 25.5| ... 40 5.9 4.8 68.60 22.7 
14 | 2,440 | 11/1 0 0 70 33 6.4 73 108.9 4.5 113.3 — 4.0 
1,560 | 11/18 17 0 90 36 1.0 55 85.9 5.5 90.10 — 4.9 
1,680 11/28 10 70 27 6.76 70 95.8 5.6 88.32 7.8 
1,775 | 12/20 32 58 25 ie 88 117.3 6.6 91.63 13.3 
1,970 1/9 a 52 60 26 re 93 125.6 6.3 98.2 21.7 
15 | 3,130 | 10/ 4 0 0 | 90 35 | 12.8 80 123.0 4.0 133.7 — 8.7 
2,160 11/8 i4 0 | 9 39 1.0 60 98.3 4.5 104.4 — 6.2 
2,650 | 11/28 = 25 | 65 30 7.25 | 88 125.7 4.7 119.7 4.9 
2,550 | 12/21 ie 47 60 24 cea tan 144:7 5.6 | 116.7 15.0 
2,370 1/9 > 66 6.34 62 27 eg 135.6 5.6 111.1 18.0 
16 | 3.050 1l/ 4 0 0 6.65 80 38 | 82 8&0 129.0 4.2 131.4 —18 
1,9 11/17 14 0 8.0 85 ot 60 93.7 4.7 98.5 ~~ $3 
2,520 | 11/28 x 10 6.12 62 37 | 9.24 68 107.4 4.2 115.0 — 6.5 
2,250 12/28 _ 40 6.55 80 33 son 87 28.3 5.6 108.3 15.6 
2,520 1/11 ~ 4 6.98 65 33 a 86 128.3 5.1 115.7 9.0 
17 | 2,850 | 11/1 0 0 8.28 7 35 9.5 75 115.3 4.04 125.60 — 88 
1,845 11/14 13 0 10.00 110 38 0.8 57 91.9 4.9 95.47 — 3.0 
1,800 11/26 ; 12 8.49 80 37 hs 85 103.1 5.7 92.48 10.0 
18 | 2,330 11/6 6 0 6.98 85 36 | 10.60 72 112.5 4.8 110.8 1.5 
1,590 | 11/16 10 0 9.0 85 6 | 2.2 60 98.7 5.8 85.24 9.0 
1,20 11/29 ma 13 6.55 62 23 | 11.31 80 103.8 5.4 96.56 7.0 | 
1,980 12/20 35 6.34 70 2? & 102.5 5.1 98.55 3.9 
1,830 1/10 55 6.34 60 26 83 112.1 6.1 93.51 16.5 
20 | 2,050 | 10/30 0 0 6.55 80 39 | 10.75 64 104.9 5.1 100.9 3.8 
1,230 | 11/13 14 0 7.20 80 27 3.5 52 71.2 5.7 71.75 0 
1,440 | 11/26 13 7.08 70 32 9.8 67 5 6.8 79.70 8.9 
1,380 | 12/18 34 8.06 70 94.5 6.8 77.47 18.0 
1,350 1/9 ‘ 56 6.98 58 v7 173 78 106.8 7.8 76.3 28.5 
21 | 1,7 10/30 | Oo 0 6.55 70 35 | 14.00 64 98.4 5.5 90.7 7.7 
1,350 11/ 6 6 0 8.06 iP 23 | 1.68 58 75.3 5.5 76.3 — 10 
22 | 2,7 10/31 0 0 6.12 70 30 10.0 87 124.7 4.6 121.2 2.8 
1.980 11/16 16 0 6.87 80 3 | 12 70 107.6 5.4 98.55 8.3 
2,130 =-11/29 ad 3 5.68 | 65 29 6.6 68 95.7 4.4 103.50 —89 
1,620 12/20 34 5.68 55 26 90 120.6 7.4 86.21 28.1 
23 | 2,250 11/6 0 0 6.55 75 40 7.0 70 116.6 5.2 108.3 7.1 
1,560 | 11/15 9 0 7.42 76 36 1.0 52 81.2 5.2 90.10 —10.9 
1,720 | 11/29 14 6.77 31 | 11.20, 70 101.4 5.7 89.72 11.5 
1.520 | 12/28 43 6.98 53 TE epee 85 108.9 2 82.62 20.5 
1,750 1/12 ie 58 6.98 53 27 =| 10.7 83 113.7 6.5 90.77 20.3 
24 | 2,500 11/ 4 0 0 6.22 85 @ 1.7% 7 115.8 4.6 115.2 
1,775 | 11/18 14 0 7.20 85 35 | 1.7 62 95.3 5.4 9.12 —O.1 
25 | 2.450} 11/ 4 0 | oO 6.12 90 36 7.5 68 106.2 4.2 113.6 — 65 
1,815 11/18 4 | 0 8.06 | 85 31 1.7 2 75.8 4.1 0 —23.9 
2 11/299 |-.. | 1 | 634 | 70 | 28 11333) 6 | 888 43 | 108.20, —162 
1,875 | 12/18 30 7.68 33 | “1 105.9 5.6 94.9 10.3 
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TABLE 20.—REsuLtts oF EXPERIMENTS ON FASTING AND 
Unper-Fep Rassits—(Continued) 























oe _ ¥ 5+ ou5 
£ : = 2 ae) = 539 
= % 3 3 3 ~ Sm! s. Ee8 
sié!| S|e/gs] es ¢ | g3)/ Hs |Ee 
z si¢ » | et”.| ¢]s | ga] cc ia<s 
7 = &/°2}es| 2|°| & | SS] B88 lease 
zs, = 2 |. sg || 85) *] ¢& > | Ful Sem IREOR 
=| 3 2 2 | 2 S| tl] esl BI & SB | 8! Bs! Meus 
3 Kn = = = 2 s om £ i} =) 2O| ses SmQa> 
4 = = ra) =) ay feo) O 2) ay a) =) 2) a 
2,020 1/ 9 * 52 7.20 70 34 8.0 70 106.0 5.2 99.87 5.6 
26 | 2,500} 11/1 0 0 6.44 70 35 10.9 80 123.0 4.9 115.10 6.4 
1,620 11/15 14 0 7.63 a 30 0.8 65 92.8 5.7 86.21 7.1 
1,890 | 11/26 “fs 11 6.00 : 25 11.89 | 66 88.0 4.1 95.54 , 8.5 
1,880 | 12/21 “a 35 ie 60 27 a 75 102.7 5.6 98.51 | 8.9 
1,730 1/10 ve 55 6.34 65 33 ‘ai 72 107.4 6.1 90.05 | 15.7 
27 | 2,700 | 11/1 0 0 6.44 70 39 9.8 75 122.8 4.5 121.2 1.3 
1,800 11/18 17 0 8.28 80 35 1.5 63 96.5 5.3 92.5 4.1 
1,970 | 11/28 ei 10 6.98 63 27 3.16 | 71 98.6 5.0 98.22 | 0.4 
1,800 | 12/18 da 30 7.63 . 24 ge 78.5! 108.2 5.2 92.48 | 10.3 
1,900 12/29 ae 41 6.34 55 23 8.32 
2,220 1/10 ba 53 7.20 65 27 “eH 92 126.0 5.7 106.30 | 8.1 
98 | 2,150] 11/ 2 0 0 6.55 75 37 9.5 66 104.7 4.8 106.5 — 1.7 
1,320 11/16 14 0 6.77 75 37 1.3 40 63.4 4.8 75.21 —18.6 











In referring to Table 20 it will be seen that twenty-one rabbits 
were examined in the way described. Of these six died at the end 
of complete starvation .and fifteen were followed in the period of 
prolonged underfeeding. According to the formula B= Ww, K 
being calculated from my own measurements on normal rabbits, a 
theoretical blood volume has been determined and the present differ- 
ence between the actual and theoretical blood volume put in one column. 

It will be seen that most of the rabbits in the second determination, 
that is, the day after the longest complete starvation before food and 
water had been given, showed a negative difference between the actual 
and theoretical blood volume, that is, they have at this stage a smaller 
volume than they should have according to the surface area. The 
differences are, however, sometimes very small. 

That it is mostly water which disappears from the blood in this 
period of complete starvation can be seen from the amounts of protein, 
hemoglobin and corpuscular volume which rise during this period. 

The blood flow decreases from the normal 8 or 10 c.c. to as low 
as 1 c.c. after the longest periods of starvation. This is, of course, 
due partly to the diminished volume, but, as mentioned before, since 
the difference between the actual and theorétical value is very little 
we must think of other factors. The blood flow determined in these 
experiments is the peripheral flow, the rate through the rabbit’s hind 
legs. We know from experience that nature is always the most eco- 
nomical worker. With lack of food the animals keep quiet, by con- 
































‘UTHEIM—BLOOD AND CIRCULATION 391 


traction of the peripheral arterioles heat may be conserved and the 
blood distributed to those organs whose functional activity is essential 
to life. In this way the low rate of blood flow found is explained. 

As soon as fluid and food were given those rabbits, even when 
no more than enough to prevent further loss of weight, the blood 
volume in most cases was rapidly restored. The protein concentra- 
tion became normal and blood flow increased. Figure 4 (rabbit 14) 
shows graphically the changes here mentioned. 

Four of the rabbits did not reach a positive difference between 
actual and calculated blood volume during under-feeding (Nos. 4, 7, 
9 and 10, Table 20). Of these, however, two (Nos. 9 and 10) showed 
a negative difference in the first control observations, and one (No. 
7) showed no difference whatever, and on one (No. 4) the normal 
result was not taken. It is of interest to note that all these four 
rabbits failed to gain in weight even though plenty of food was given, 
and two of them (Nos. 9 and 10) developed skin infections. The 
skin infection did not affect any of the others, though all were 
kept in the same room. It is, perhaps, only fair to attribute the 
poor condition of these four rabbits at least in part to the low 
blood volume. 


SUMMARY 


It is found in this study that the serum protein in normal infants is 
from 6 to 6.5 per cent. and remains at this level until the tenth or 
eleventh month, when the protein begins to rise, and by the fifteenth 
month it has reached the same level as found in adults, that is, about 
8 per cent. 

Infants suffering from various diseases show, with the exception 
of exudative diathesis and nephritis, no remarkable change in blood 
protein concentration, while infants with acute diarrhea or vomiting 
have a high per cent. of protein, the result of blood concentration. 

Premature infants and athreptic infants show a low protein per- 

centage in blood, in many cases as low as 4 per cent. This condition 
in premature infants is an expression of the influences of age and 
development on the water metabolism of the organism (Bezold). As 
far as the athreptic infants are concerned, the low protein in some 
cases seems to be due to lack of power on the part of the organism 
to build up protein, in other instances to the over-feeding with carbo- 
hydrates. ; 
_ The high water content of the organism in both premature and 
athreptic infants must be regarded as an important factor in the 
low immunity they show, thus predisposing these infants to multiple 
infections. 
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Besides this high water content of the organism, the athreptic 
infants show a very low rate of blood flow which in some instances 
is due partly to the diminished blood volume, in other instances to 
constriction of the peripheral small vessels in order to accomplish the 
distribution of the blood to the internal organs. This constriction of 
the peripheral vessels is proved by the differences found in the blood 
count and hemoglobin content between capillary and venous blood. 
The low blood flow is not usually accompanied by a lowering of blood 
pressure because of the following compensatory factors: (1) a diminu- 
tion of the blood bed by atrophy of the skin, subcutaneous tissue and 
musculature; (2) the contraction of the small peripheral vessels; (3) 
possible changes in the alimentary blood vessels (Schiff). 

This low rate of blood flow will contribute in lessening the resistance 
of these infants by depriving the body tissue of the necessary food 
and in this way contributes to the breakdown of the body cells. 

Experiments on rabbits have shown that during complete starva- 
tion with deprivation of fluid, the blood volume falls below the normal 
value for the body surface as a result of water loss from the blood. 
However, by giving only enough food and water to prevent further 
weight loss the blood volume is rapidly restored and quickly reaches 
a value above normal for the body surface. Four rabbits did not 
completely regain the normal volume. These were rabbits which did 
badly and would not gain even if food was given in abundant amount. 
It is only fair to place the poor condition of these four animals in 
relation to the low blood volume. When we apply these findings to 
infants we can see that in athreptic infants who show a lowering 
of blood volume all the above. mentioned factors will still further 
affect the organism and all factors will work together in lowering 
the oxidizing power of the body cells and favor a breaking down 
of body tissues. 


I wish to express my sincere thanks to Dr. W. McKim Marriott who sug- 
gested and directed this study. 


























AMYOTONIA CONGENITA * 





N. O. PEARCE, M.D. 


MINNEAPOLIS 


The condition known as amyotonia congenita, first described by 
Oppenheim in 1900° is frequently referred to as Oppenheim’s disease. 
In 1903, Batten? described the same condition without reference to 
Oppenheim’s work, under the name of infantile type of myopathy. 
Kundt,* Collier’ and Wilson,* Rothman,’ Chene,® Griffith,’ Cassirer * 
and Thorspeken ® have all made valuable contribution to the literature 
in this subject. Marburg,’® Kaumheimer" and Foot’? have made 





exhaustive studies of the histologic changes in the muscles and in the 
nervous systems. Until recently about 136 cases have been reported 
in the literature, but in many of these the diagnosis has been questioned 
by other contributors. Of this number thirty cases were reported by 
Americans, twenty-six by Italians, thirty-three by Germans, twenty- 
one by Englishmen, seventeen by Frenchmen, three by Belgians, two 
by the Dutch, one case by a Swiss, and one case by a Russian. The 
best recent reviews with reports of cases are those of Reuben ** and 
14 


Faber ** who have attempted a statistical analysis of the case reports. 


The condition is generally defined as a disease beginning at or 





before birth or in early infancy, probably due to a_ congenital 
developmental defect of the lower motor neurons and of the voluntary 
muscles. Clinically it is characterized by weakness, hypertonid and 
quantitatively diminished electrical response in the muscles, usually 
without disturbance of sensation or mentality. 

Of the five cases reported in this paper, the first (W. H.) is of 
interest largely because of the classical symptomatology and the 


*From the Department of Pediatrics, University of Minnesota. 
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results of the exhaustive metabolism study carried out.1° The second 
and third cases (R. W. and K. W.), and the fourth and fifth cases 
(R. L. and B. L.) are believed to be the first authentic instances 
reported of twins suffering from the disease. Literature reveals only 
one other instance in which twins have been mentioned, a case reported 


by Reiner,’® in which one twin died intrapartum. 


REPORT OF CASES 


Case 1.—W. H., a boy, was aged 3% years. Nationality, American. 

Family History—The mother was 38 years of age, and of a very nervous 
disposition. As a child she continuously dropped things from her hands and has 
1 do needlework if nervous or excited because of a 


always been unable to write 
tremor of the hands. She has been subject to severe recurrent headaches for 
years. She was 34 years of age when the patient was born, and had been mar- 
ried eight years, this being her first conception. While pregnant she was very 
nervous, suffered considerably from sleeplessness, and complained of intense 
itching over the body. The first movements were felt at four months, and were 
very vigorous from that time on. Labor was prolonged and difficult, and the 
child was evidently asphyxiated, being described as a “blue baby.” A second 
child was born, eighteen months after the patient. The mother was in slightly 
better health while carrying this baby. She believes that he was more active 
when first born than the older child. He seemed to be well until the third o1 
fourth week, at which time he became constipated and could retain no food 
developed convulsions in a few days and died. The mother is not certain as to 
the cause of death. 

The father of these children was 38 years of age. He had suffered consid- 
erably from rheumatism, and had some heart trouble. His family history was 
negative, except that his mother died of a convulsion. The Wassermann reaction 
was negative in father, mother and patient. 

Personal History—The child was born at full term after a prolonged and 
difficult labor, in an asphyxiated condition. The birth weight was eight pounds. 
He was nursed on the breast with complementary feedings until 5 months of 
age, at which time he was put entirely on artificial food. The mother stated 
that the baby never nursed well, and never seemed to be hungry or at all inter- 
ested in his food, although he gained in weight. She noticed a fine tremor of 
both hands which, as she remembered, was present from birth. He never 
kicked like other babies and was never able to roll over or change his position 
in any way. He began to talk when 9 months old, and at 3% years was excep- 
tionally bright mentally. He spoke somewhat slowly with a slight quaver in 
his voice as though there was difficulty in articulation. At 9 months he was 
able to sit up if helped and supported, but at no time had he been able to raise 
himself voluntarily. When sitting up, if his head fell backward he was unable 
to raise it again. He was inclined to be nervous, cried easily and for long 
periods. He was, when last seen, on a general diet, but showed a decided lack 
of interest in his meals, going without food for forty-eight hours apparently 
without the slightest discomfort. 

Physical Examination.—The patient appeared to be overnourished, but was 
flabby with a general lack of muscular tone seeming to involve all of the volun- 
tary muscles of the body. His color was good. He was very bright and inter- 
ested in his surroundings. His head was well shaped, with a circumference of 
50 cm. The fontanel is closed. The teeth and tonsils were in excellent condi- 
tion. The pupils reacted normally, there seemed to be no weakness or paralysis 


15. Pearce, N. O., and Ziegler, M. R.: J. Biol. Chem., 1920. 
16. Reiner, H.: Berl. klin. Wehnschr. 50: 1306, 1913. 
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of the facia! muscles and no enlargement of the glands. There was a marked 
deformity of the chest, which was 54 cm. in circumference. The sternum was 
thrust forward and upward, with lateral recessions of the ribs and marked 
kyphosis posteriorly, which was more accentuated when sitting up. Both physi- 
cal and roentgen-ray examinations showed nothing abnormal in the heart or 
lungs, although breathing was of purely abdominal type. No vasomotor dis- 
turbances were apparent. The abdomen was rather prominent. There was a 
marked tendency to constipation. Neither the liver nor the spleen were palpable. 
The limbs are symmetrical and there are no contractures or deformities. All 
superficial and deep reflexes were absent. The sense of pain and reactions to 
heat and cold were acute. The pad feet described in this disease were very 
noticeable. A fine tremor of both hands appears on the slightest exertion, but 
there were no spasms, twitchings, choreiform movements, or convulsions. The 
patient was able to perform the natural movements with both arms and legs 
within narrow limits, but only in a weak and uncertain manner. There was 
excessive mobility of the joints. The skin was normal in appearance and there 
was no edema present, but it was impossible to wrinkle up the skin apart from 
the underlying tissues. The von Pirquet reaction was negative, and the 
roentgen-ray examination showed nothing abnormal in the bony structure. 

Laboratory Findings—The routine hospital urine examination showed noth- 
ing abnormal: Hemoglobin, 94 per cent.; leukocytes, 10,600; erythrocytes, 
4,800,000. Differential count: Polymorphonuclears, 41 per cent.; lymphocytes, 
53 per cent.; large mononuclears, 1 per cent.; transitionals, 2 per cent.; eosino- 
phils, 3 per cent. There was no response to electrical stimulus under 5 milli- 
amperes. There was great difficulty in obtaining specimens of blood for 
chemical examination. The usual skin punctures, even when done repeatedly, 
produced only minimum amounts of bleeding. 

Microscopic ‘Findings.—A small piece of muscle was obtained and sections 
were cut in paraffin. Only a few fibers of normal size were found in the sec- 
tions. These occurred for the most part in a single group, but a few were 
scattered throughout the section. Nearly all the fibers were greatly reduced in 
size, the diameter being usually about one-tenth that of the normal. Many 
muscle fasciculi contained only atrophic fibers. The fibers showed no abnor- 
mality, except a decrease in size and in indistinctness of the fibrillae. There 
was no hyalin degeneration or necrosis. The relative size and the arrangement 
of the atrophic fibers may be seen in Figures 1, 2 and 3, each of which contain 
one or more normal fibers. 

Treatment.—The patient also had cod liver oil and phosphorus over long 
periods, and a thorough tryout of thyroid and mixed gland therapy was given 
without any definite improvement. Under careful diet with rather large amounts 
of protein, with oil rubs and expert massage and carefully executed regular 
exercise, and with the support of a light body brace, the patient showed some 
slight improvement in muscular status. He suffered an acute attack of pneu- 
monia in March, 1919, but made a normal recovery with no marked change in 
his general condition. 

Cases 2 AND 3.—R. W. and K. W. were twin boys, 22 months old. 

Two older children were both living and well at the time of this examina- 
tion. The mother was 26 years of age, the father 31. The family history of 
both parents was negative, and they both appeared to be sturdy, well developed 
and in excellent health. One of the older children did not walk until 2% years 
of age, but, according to the mother, seemed to be quite normal at this time. 
The history of the pregnancy presented nothing unusual, the mother having 
felt movements at about the usual time and of the usual strength. K. W., the 
first born, was a breech delivery at full term and was breast fed for sixteen 
months. The mother had noticed nothing wrong with him, except for the weak- 
ness of his legs and inability to stand. 
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Physical Examination—K. W. was fairly well developed and well nourished, 
and of good color. The head was well shaped and the fontanel not quite closed. 
The eyes were normal, with no nystagmus or strabismus. The hearing was 
good, and the teeth and throat were. in excellent condition. The chest was well 
shaped, heart and lungs were normal, and breathing was normal in type. The 
abdomen was normal in size and shape, with the liver palpable at the costal 
margin, and spleen not palpable. The extremities were symmetrical, the muscula- 
ture of the arms and hands being well developed and with normal function. 
There was a decided lack of muscular tone in the lower extremities, the move- 
ments being weak and uncertain. There was no vasomotor disturbance. The 
knee jerks were present, equal but weak and hard to obtain. All other reflexes 
were present and seemingly normal. There were no contractures, but there was 
a tendency toward pad feet. There was an abnormal mobility of the joints in 
the lower extremities. No congenital defects were present. All sphincter con- 
trols were normal. The sense of pain was very acute. The electrical reactions 





Fig. 1—A group of normal fibers with a number of atrophic fibers in the 
same fasciculus. Fasciculus of atrophic fibers on right. 


showed a kathodal contraction with 4 milliamperes, this being the only case 
under 5. The mental examination showed an intelligence coefficient of 100 
per cent. 

Laboratory Examination—The Wassermann and von Pirquet reactions were 
both negative. The routine hospital urine examination was negative. Blood: 
Hemoglobin, 75 per cent.; leukocytes, 13,600; erythrocytes, 4,120,000. Differential 
count: Polymorphonuclears, 26 per cent.; large lymphocytes, 5 per cent.; small 
lymphocytes, 57 per cent.; eosinophils, 12 per cent. The basal metabolism was 
not quite successful because of the child’s crying, but was probably normal. 

Case 3.—R. W., full term twin of K. W., had a normal birth, weighing six 
pounds. He was too weak to nurse, however. At 3 months of age he developed 
some febrile condition, and at 14 months he contracted pneumonia, from which 
he recovered very slowly. At the time of examination he was 22 months of age, 
had never been able to sit alone, and found great difficulty in changing his 
position. When placed on his back, he could not turn over. He talked quite 
well, but the voice was weak, both when speaking and crying. 
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Physical Examination.—The patient was very poorly developed and nourished, 
and his color was poor. There was extreme flabbiness and lack of muscular tone 
throughout the body and extremities. A weakness of the facial muscles, with a 
lack of normal expression, was very noticeable. When propped up, he could 
not hold his head erect. The head was well shaped, and the fontanel almost 
closed. Vision was good; eye and pupil reflexes were normal; hearing was 
good, and teeth and throat were in good condition. The cervical lymph nodes 
were somewhat enlarged. There was extreme deformity of the chest with 
abdominal type of breathing. The sternum was pushed forward and upward, 
with marked recession of the ribs on both sides. There was a kyphosis, with 
lateral curvature of the spine which was much more pronounced when the child 
was propped up in a sitting position. The heart sounds were normal. There 
were a few diffuse coarse rales in both the right and left lungs. The abdomen 
was large and flabby, but there was no constipation. The liver was palpable 
5 cm. below the costal margin; the spleen was not palpable. All tendon reflexes, 
as well as the abdominal and cremasteric reflexes, were absent. The sensation 
to heat, cold and pain was normal. The patient could grasp objects feebly with 
the hands, and with great effort he could raise the hand to the mouth. He 
could move his legs about, but very feebly. An abnormal mobility of the joints 
was very marked. There were no contractures or congenital deformities; no 
tremors or choreiform movements. The pad feet were very typical. Sphincter 
control was normal. The mental examination showed a normal intelligence, 
although the patient was somewhat handicapped in responding to tests because 
of the inability to use his hands. 

Laboratory Examination—The Wassermann and von Pirquet reactions were 
negative, also the urine examination. Blood: Hemoglobin, 65 per cent.; leuko- 
cytes, 7,800. Differential count: Polymorphonuclears, 30 per cent.; large 
lymphocytes, 5 per cent.; small lymphocytes, 65 per cent. With electrical reac- 
tion no response was obtained under 10 milliamperes. There was a definitely 
lowered basal metabolism. The skin phenomenon noted in Case 1 was also 
prominent in this case. 

Cases 4 anp 5.—R. L. and B. L., twin boy and girl, were 7 months of age 
at the time of the examination. 

The father was 32 years of age. He had some heart trouble, but was able to 
work. He seemed to be robust, active and in good health, but had been weak as 
an infant. He was one of a large family, of which all members are in good health. 
The mother was 32 years of age, was rather a nervous type of woman, but well 
developed and seemingly in good health. She had been married ten years. She 
had a miscarriage during the first year, but two years later gave birth to a full 
term normal child, who was at this time 7 years of age. Since that time there 
had beeh no conception until that of the present patients. During this pregnancy 
the mother had very severe and persistent headaches, and was much swollen 
about the hips and abdomen. Vomiting was very persistent and she was entirely 
incapacitated a good deal of the time. Movements were felt at four and one-half 
months, and were very strong during the latter part of the pregnancy. 

R. L., baby girl, twin of B. L., 7 months of age, was the first born, with low 
forceps delivery, and was in good condition. Birth weight was 7 pounds; the 
weight at examination was 14% pounds. The baby was never very active and 
did not try to change her position. She had always nursed feebly, and has 
seemed weaker since an attack of pneumonia at 4 months. 


Physical Examination.—The child was fairly well developed and nourished, 
but her flesh was flabby and pallor was rather pronounced. ‘The head was well 
shaped, normal in size, with slight cranial tabes, and the fontanel normally open. 
The eye and pupil reflexes were normal, vision seemed good, and no nystagmus 
or strabismus was apparent. The hearing seemed to be normal. The expres- 
sion was rather set and the cry feeble. The lack of desire for food was very 
pronounced, and the mother stated that neither of the twins had ever shown the 
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slightest interest in food, and that it had been only with the greatest difficulty 
that she had been able to get them to take the required nourishment. Both had 
always been constipated. This baby at 7 months had no teeth. The throat was 
in good condition, the chest well shaped, but breathing was purely abdominal 
in type. The heart and lung sounds were good; the abdomen was soft and 
Habby, with the liver palpable 2 cm. below the costal margia. The spleen was 
enlarged and palpable. There was a general weakness of all extremities with 
contractures of the adductors of the thighs and of the supernators of the fore- 
arms. The patient was unable to move her legs, the only motion she was capable 
of making being that of the toes. There was abnormal mobility of the joints 
of the ankles, knees and shoulders. The arms were moved about in a rather 
weak, uncertain manner, and the patient grasped objects only feebly. There 
were no tremors or twitchings. Both deep and superficial reflexes were absent 
throughout. Sphincter control was good. There was a moderate degree of pad 
feet, and the same general skin condition as noted in Case 1. The response to 
heat or cold was normal, and there was prompt response to pain. 

Laboratory Examination.—The routine hospital urine and blood examination 
disclosed nothing abnormal. The Wassermann and von Pirquet reactions were 
negative. There was no response to electrical stimulus under 5 milliamperes 
and no vasomotor disturbance was found. 

B. L., the 7 months old baby boy, twin of R: L., was the second to be born. 
The child was delivered in breech position and was somewhat asphyxiated. 
The birth weight was 5 pounds, and at the time of examination he weighed 12 
pounds. He had had only breast feedings. An attack of pneumonia at 4 months 
left him weaker than he had been previously. The mother noticed directly after 
birth that the infant was not strong, and she had great difficulty in giving him 
sufficient nourishment, as he would take nothing but the breast and seemed too 
weak to nurse an adequate amount. The patient was pale, somewhat atrophic, 
rachitic in type, with marked craniotabes and a large fontanel. There was a 
masklike expression of the face, and the cry was very weak. The eye reflexes 
were normal, with no nystagmus or strabismus. Sight and hearing were appar- 
ently normal. There were no teeth, and the tongue had a tendency to fall back 
in the mouth. The chest was badly deformed, with the sternum shoved forward 
and upward, with lateral recession of the ribs. The heart and lung sounds 
were good, but breathing was purely of the abdominal type. The abdomen was 
rather prominent and flabby and the child was chronically constipated. The 
spleen was enlarged and the liver palpable 2 cm. below the costal margin. The 
patient was totally incapable of moving the legs, the only movement possible 
being a slight wiggling of the toes. The arms were moved about feebly and 
uncertainly, and the ability to grasp objects was even less than in Case 4. The 
child was unable to support the head alone. There was abnormal mobility of 
the joints, as described in Case 4, and the same contractures were present but 
to a lesser degree. The pad feet were very marked. The deep and superficial 
reflexes were all absent, but the response to pain, heat or cold appeared normal. 
Sphincter control was good and the intelligence normal. There was no response 
to electrical stimulus under 5 milliamperes. No vasomotor disturbance was 
found. 

Laboratory Examination—The routine hospital urinary and blood findings 
were normal. The Wassermann and von Pirquet reactions were negative. 


In summarizing the conditions in these five cases, an attempt is made 
to compare the symptoms and findings with the statistical analysis 
as published in the papers of Faber and Reuben. 

Etiology.—In all five cases the symptoms were present to a more 
or less degree since birth, a fact noted in the large majority of the cases 


previously reported. The Wassermann reaction was negative in each 
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case, the previous records showing only fourteen cases in which the 
Wassermann test had been made, twelve reactions being negative and 
two positive. The von Pirquet reaction was negative in all five cases, 
it having been previously reported in but nine cases, all of which were 
negative. 

The question of heredity has been raised by Faber who pointed out 
familial occurrence in three instances. It will be noted that in the 
cases of R. W. and K. W. an older brother did not walk until 21% 
years of age, and in the case of W. H., a younger child died in early 
infancy from some unexplained condition, while the history of extreme 


nervousness and tremor of the hands in the mother is also suggestive. 














Fig. 2—High power photomicrograph of Figure 1, showing atrophic and 
normal fibers in the same fasciculus. 


Relative to the analogy between this condition and mongolism as 
representative of reproductive exhaustion, it will be seen that in the 
case of W. H. the mother was 34 years of age and this was her first 
conception after eight years of married life. In the cases of R. L and 
B. L. almost seven years had elapsed since the birth of an older child. 
Quickening has been reported absent in six cases, weak in twelve, and 
retarded in two, but this is not in accord with our cases, as quickening 
took place at the normal time in all three pregnancies and the move- 
ments were especially vigorous in two and normal in the third. The 
lack of movements has been given as a reason to believe the disease 
congenital, but that this is not necessarily the case is demonstrated by 
the fact that the prenatal movements were either normal or unusually 
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vigorous in these cases, although the disease was marked at birth in 
the case of at least three of the infants. All of our children were full 
term babies, which seems to be usual, but three of them were asphyx- 
iated at birth, which may or may not have some bearing on the degree 
of involvement. As regards sex, in the cases reported there was about 
an even division, while in cases of this report four were male and one 
female. 

Symptoms.—In Faber’s analysis, the lower extremities were 
involved in all cases. which was also true in our patients, the upper 
extremities in 93 per cent. of his and four out of the five we report. 
Thoracic respiratory muscles have been mentioned as involved in 
twenty-six cases and normal in three, while in our patients four were 
involved and one was normal. The muscles of the trunk were affected 
in seventy-three instances and normal in seven; in ours we found 
involvement in all but one. The disease was found to affect the neck 
muscles in sixty-five of Faber’s cases. They were not involved in 
eleven cases. In four of our cases they were affected. Facial museles 
of deglutition and articulation were reported as involved in five cases 
only, but in ours we felt that there was some involvement in four of 
the five cases under consideration. The sphincters have always been 
normal in all cases. 

The knee-jerks were absent in sixty-nine cases, diminished in 
seventeen, present in five and normal in two, while in our cases they 
were absent in three, very weak in one, and sluggish in one, the same 
condition prevailing in the other tendon reflexes. The abdominal 
reflex was present in one of our cases and absent in four, while in the 
cases reported, where notes have been made the reflex has been noted 
as absent in about 50 per cent. 

Contractures have been present in only two of our five cases, in 
both upper and lower limbs, while in previous case reports we fiid 
thirty-five cases of contractures, twenty-nine of the lower and six of 
the upper extremities. Abnormality of the joints is almost a constant 
feature. 

The pad feet were described as typical of the disease by Collier and 
Wilson * but are rarely mentioned by other authors, although they 
were markedly noticeable in three of our patients. Other congenital 
defects have been noted in about twenty of the cases reported ; how- 
ever, many of these, such as hernias, dislocation of the hips, shoulders 
and thumbs, and malposition of the feet, might very well be secondary 
to the general weakness of the supporting muscle rather than a pri- 
mary developmental defect. 

The enlarged spleen noted in Cases + and 5 was not mentioned in 


the other reports. 
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Vasomotor disturbance has been noted in a few cases but was not 
found in ours. The deformity of the chest which was _ promi- 
nent in three out of five of our cases, has been seen in fifteen of those 
previously reported. No characteristic bony change which would not 
be secondary to weakened musculature has been found in any instance. 
Speech was slightly affected in two of our cases and the cry was noted 
as weak in all, which seems to be of common occurrence. Sensation as 
represented by the reaction to heat and cold and pain was normal in 
all of our patients as well as in the others reported. 

Differential Diagnosis—In preparing these cases for report, a 
study of the literature disclosed a considerable confusion in the 











Fig. 3.—Fasciculus of atrophic fibers under moderately high magnification. 
One normal fiber. 


differentiation of Oppenheim’s disease from the different types of 
muscular dystrophies and progressive muscular atrophies occurring 
in young children. This is largely brought about because of this lack 
of detail in the records of case reports, and the various authors who 
have tried to make statistical analysis, and bring about proper classi- 
fication, have had to base their conclusions on very incomplete and 
inadequate data. Further study with more detailed and better case 
reports will undoubtedly result in a much simpler classification. The 
condition which we find most difficult to differentiate clearly from 
Oppenheim’s disease is that type of infantile myopathy described by 
Werdnig-Hoffman in 1891. The clinical symptomatology set forth as 
being diagnostic of these two types of infantile muscular disease, when 
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applied to my cases, leaves no sharp line of distinction or differentia- 
tion. The Werdnig-Hoffman type is described: as being hereditary 
and familial, but that Oppenheim’s type is also sometimes familial is 
well brought out by the family histories in Cases 2 and 3. It is 
thought that the Werdnig-Hoffman type is not present at birth and 
that its onset is gradual and occurs during the second six months. The 
history of such onset may easily be attributed to lack of observation 
on the part of those in attendance as is very often the case in Oppen- 
heim’s disease, as demonstrated in Case 3 where the mother believed 
nothing was wrong with the child until it was brought in for examina- 
tion when 22 months of age. But careful questioning brought out the 
fact that the weakness had been present from birth. The location of 
the muscular involvement depends on the severity of the disease and 
does not present any marked point for differentiation. The involve- 
ment of shoulders, back and thighs, supposed to be typical of the 
Werdnig-Hoffman type, was present in four of the cases here 
reporied. \trophy, presented asa point of differentiation, was present 
to a slight degree in Case 5, while the twin, Case 4, was apparently 
well nourished. The tendon reflexes in Oppenheim’s disease vary 
with the degree of involvement. Twitching and tremors are stated to 
be present occasionally in the Werdnig-Hoffman type but are not 
observed in Oppenheim’s type. It will be remembered, however, that 
in Case 1, clinically presenting a classical picture of Oppenheim’s dis- 
ease, a fine tremor of both hands was present. The Werdnig-Hoffman 
type is supposed to grow progressively worse, while in the Oppen- 
heim type improvement is to be expected. In our report, one patient, 
Case 3, is becoming progressively worse, while the twin, Case 2, is 
improving. In cases + and 5, involvement is nearly complete, with a 
tendency to become progressively worse. In Case 1 a slight improve- 
ment may be noted. One must conclude, as suggested by Huenekens, 
that clinically there is no sharp line of differentiation between the 
Werdnig-Hoffman and the Oppenheim types of this infantile muscular 
disease. 
METABOLISM STUDIES IN CASE 1, W. H. 


CHEMICAL WORK DONE BY MILDRED R. ZIEGLER 


Although amyotonia congenita has been the subject of a consider- 
able amount of research from the clinical viewpoint, little has been 
done along chemical lines. A careful review of the literature on 
the subject reveals only three references concerning the chemistry 
of Oppenheim’s disease. Spriggs*’ published this first chemical 
research, making a study of the creatinin and uric acid excretion. By 


17. Spriggs, E. I.: Quart. J. M. 1:63, 1907. 
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comparing the results obtained by him from an experiment with a 
boy suffering from Oppenheim’s disease with a normal boy of the same 
age and practically the same weight, he showed that creatinin excre- 
tion is diminished to less than half the normal amount, while the 
uric acid excretion remains normal. Sprigg’ statement concerning 
this creatinin was confirmed in 1912 by Gittings and Pemberton ** 
who also established a normal calcium retention. The case studied by 
Powis and Raper ?® which was associated with some nutritional dis- 
turbance and acholia, was decidedly different from those cases previ- 
ously mentioned. 

Chemical evidence, in addition to the statements regarding 
creatinin metabolism, leads one to believe that amyotonia congenita 
is a disease caused by protein decomposition. The studies above 
mentioned covered very short periods, seven, five and four days 
respectively. We hoped by a longer period to obtain an accurate 
statement of metabolism with special reference to nitrogen and sulphur 
urinary partitions since both, if not normal, would be indicative, if 
present, of protein decomposition. 

Case 1, because of the classical symptomatology, was selected for 
this exhaustive research. During the experimental period, which 
lasted for a month, the patient was kept on a creatinin-free diet. This 
period, which commenced and ended with a starvation period, was fol- 
lowed by a dose of charcoal. The excellent method of McCrudden for 
performing metabolism experiments was rigidly adhered to through- 
out by a special nurse. The food, feces and urine were collected for 
twenty-four hour periods, and the urine was analyzed daily, except in 
two or three instances when two-day specimens were mixed and a 
daily average was taken. The feces were combined in periods of three 
and four days, analyzed and the average taken. The food analyses 
were made in the same way. The volume of urine was about one-half 
the normal amount for a child of this age, due probably to the fact that 
the child was largely on a vegetable diet. To avoid increase or varta- 
tion in the nitrogenous elimination by flushing the tissues, the fluid 
intake was kept as high and as near constant as possible. 

The urine was always acid, and contained no protein or sugar. 
The indican test was negative and acetone was rarely present. The 
only thing of interest in the urinary sediment was the presence of 
calcium phosphate crystals. 

The child weighed 13.49 kg. at the beginning of the experiment, 
and at the end it weighed 13.21 kg. The average daily intake was 
53.5 calories per kilogram of body weight which is about 25 calories 
less per kilogram than for a normal child of this age. 


18. Gittings, J. C., and Pemberton, M. S.: Am. J. M. Sc. 144:732, 1912. 
19. Powis, F., and Raper, H. S.: Quart. J. M. 10:7, 1917. 
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The complete data with tables and discussion of the results of this 
experiment will appear in another article *® and therefore only a sum- 


mary of the findings are included here. 


SUMMARY 
Blood analyses made at the commencement of this experiment show 


the following results : 


Creatinin, 1.50 mg. per hundred c.c. of blood 
Creatin, 5.45 mg. per hundred c.c. of blood 
Calcium, 7.10 mg. per hundred c.c. of blood. 


>- 


Urea nitrogen, 3.50 mg. per hundred c.c. of blood. 
Blood sugar. 14 per cent. 


The low urea figure may be of some significance. The significant 
facts, most of which suggest protein decomposition, as demonstrated 
by a chemical study of this case are: 

1. A lowered creatinin excretion, in addition to the excretion of 
creatin on a low protein diet. 

2. A normal uric acid excretion, therefore no nucleo-proteins 


broken down. 

3. An increased rest nitrogen accompanied by an increased neutral 
sulphur. 

4. A normal phosphorus excretion, therefore no bone disinte- 


gration. 
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AMYOTONIA CONGENITA (OPPENHEIM) 
REPORT OF A CASE WITH FULL HISTOPATHOLOGIC EXAMINATION * 


JAMES B. HOLMES, M.D. 


BALTIMORE 


Carefully studied cases of amyotonia congenita still deserve the 
attention of clinicians. Though notable advances in our knowledge 
of the disease have been made during the twenty years that have 
elapsed since Oppenheim first described the clinical picture of the 
condition (1900), there yet remains much that is obscure. Approxi- 
mately 125 cases of the disease have been reported and are generally 
accepted as examples of amyotonia congenita. These published cases 


‘ who is led to 


have recently been analyzed statistically by Faber, 
define the condition as-“‘a disease beginning at birth or in early infancy 
due to a congenital developmental defect of the lower motor neuron 
and of the voluntary muscles, clinically characterized by weakness, 
hypotonia and a quantitatively diminished electrical response in the 
muscles, usually without disturbance of a sensation or of mentality.” 
Spiller,? on the other hand, viewing the disease chiefly from the 
clinical side, has directed destructive criticism against acceptance of 
the condition as a clinical entity at all. The work of Batten,’ Kundt,* 
Collier and Wilson,® Rothmann,® Thorspecken * and others has shown 
that the disease does not always occur in the classical form; many 





*From the Departments of Pediatrics and of Pathology of the Johns Hop- 
kins University, and from the Laboratory of the Phipps Psychiatric Institute, 
Johns Hopkins Hospital. 

1. Faber, Harold K.: Amyotonia Congenita: A Survey of the Known Cases 
with a Report of Three New Cases, Am. J. Dis. Child. 18:305 (March) 1917. 
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atypical cases have been described and the resemblance of some of 
these either to the spinal atrophies (Werdnig-Hoffmann type) or to 
the muscular dystrophies (myopathies) is marked. Spiller points out 
that there is no feature, or group of features, that belongs distinctively 
to amyotonia congenita; each one is shared in common either with 
the neural atrophies or with the dystrophies, or with both. It is 
shown that the recorded cases of amyotonia congenita may be arranged 
in a series which merges imperceptibly into the other forms of 
dystrophy, and that clinically there is no sharp line of demarcation 
between them. Nevertheless, Spiller closes his analysis by stating that, 
after all, ‘“‘amyotonia has distinguishing features observed in by far 
the greater number of cases and that cases with exceptions do little 
more than show that there may be a transition from amyotonia to 
myopathy without proving that the two diseases are identical, any 
more than transitional cases between myelopathy and myopathy prove 
identity of disease.” 

Qn the histopathologic side the difficulties are yet greater. Por- 
tions of the affected muscles have been excised and studied micro- 
scopically (Bing, Collier and Holmes, Skoog and others) ; and eighteen 
or more necropsies have been reported. In ten of these, the exami- 
nations have been more or less adequate, notably in the cases reported 
by Marburg,* Spiller?) Archangelsky and Abrikosoff,? Rothmann," 
Foot,'? Kaumheimer '' and Councilman and Dunn.’* 

Oppenheim thought the affection consisted essentially in a retarded 
development of the muscles; he did not exclude the possibility of an 
involvement of the nerves or of the anterior horn cells. To Spiller 
it seemed “that the symptom-complex of amyotonia may depend on 
purely muscular lesions (Spiller, Lereboullet and Baudoin, Council- 
man and Dunn), or these muscular lesions may be associated with 
alteration of the cells of the anterior horns, which in some instances 
seems to be slight (Lereboullet and Baudoin, Archangelsky and 
Abrikosoff), in others intense, and when this cellular alteration is 
intense, the distinction from the Werdnig-Hoffmanny of atrophy may 
be difficult.” Kaumheimer ( Heidelberg) concluded, as did Rothmann 


and Foot before him, that the pathologie picture is one of an active 


8. Marburg, O.: Zur Klinik und Pathologie der Myotonia congenita 
(Oppenheim), Arb. a. d. Neurol. Institut an der Wien. Universitat 19:133, 1911. 

9. Archangelsky, W., and Abrikosoff, A.: Ein Fall von Myatonia congenita 
(Oppenheim) mit Autopsie, Arch. f. Kinderh. 56:101, 1911. 

10. Foot, N. C.: Report of a Case of Amyotonia Congenita (Myatonia Con- 
genita—Oppenheim), with Necropsy, Am. J. Dis. Child. 5:359 (Sept.) 1913. 

11. Kaumheimer, L.: Zur Pathologie und Klinik der Myatonia congenita 
(Oppenheim), Jahrb. f. Kinderh. 78:170, 1913. 

12. Councilman, W. T., and Dunn, C. H.: Myotonia Congenita; Report of 
Case with Autopsy, Am. J. Dis. Child. 2:340 (Sept.) 1911. 





= 











ma al cg 























HOLMES—AMYOTONIA CONGENITA 407 


degenerative process attacking a normally deve'oping central nervous 
system. This process he conceived of as beginning commonly in intra- 
uterine life and extending in some cases at least well into extra-uterine 
life. Theories as to the cause of the degeneration he regarded as 
being as yet matters of pure speculation. 

Opposed to this view of an active degenerative process is the 
view that the disturbance is, in the earlier stages at least, a purely 
developmental one, a form of abiotrophy. A third view would be that 
the same influence retards or perverts the development of one or more 
elements of the neuromuscular apparatus. 

In an incrasing number of carefully studied cases of amyotonia 
congenita the significant lesion seems to lie in the cells of the anterior 
horns, in the large motor ganglion cells, and that, most distinctively, 
in those regions where these cells normally reach their greatest develop- 
ment, i. e., in the cervical and lumbar regions. The lesions are to be 
variously explained according to the views already enumerated. 
Similar influences may be conceived of as affecting the muscle cells. 

The problem is a complex one, and its solution would seem to 
lie in the accumulation of carefully studied cases. 

The findings in a case of amyotonia congenita that appeared in 
the service of Dr. John Howland are presented herewith. Clinically, 
the case may be considered a typical one; histopathologically, it 1s 
noteworthy in presenting a picture of arrested or retarded develop- 
ment without accompanying signs of degeneration. The microscopic 
picture of the muscles closely resembles that described by Finkeln- 


13 


burg '* (Bonn) in a case of myopathy in an infant (cf. Finkelnburg 


drawings, loc. cit.). 


REPORT OF CASE 


History.—T. M., a female infant, aged 6 weeks, was admitted to the Harriet 
Lane Home Feb. 20, 1913, with the complaint “pining away” (Fig. 1). 

Family History.—The parents were American born. There was no history of 
tuberculosis or of syphilis in the family; no miscarriages, no stillbirths. The 
patient was the third living child. The oldest, aged 12 years, had suffered from 
“nervous disability” since 12 years of age; another, aged 9 years, was well 
Three children had died; the first of pneumonia following measles, at 13 months 
of age, another of diphtheria, at 3 vears of age, and a third of spinal meningitis, 
at 5 months (the meningitis followed a fall). No further family history was 
obtained. 

While carrying the patient the mother had felt strong fetal movements at 
four and one-half months and up to the time of the child’s birth. The patient 
was born in the Johns Hopkins Hospital Obstetrical Service at full term after 
a labor lasting seven hours and twenty minutes, breech presentation, easy 
extraction as follows: “Fingers were hooked into both groins and ready extrac- 
tion of body to shoulder blades effected. Arms easily brought out and head pre- 


13. Finkelnburg: Anatomischer Befund bei progresiver Muskeldystrophie in 
den ersten Lebensjahren, Deutsch. Ztschr. f. Nervenh. 35:453, 1908. 
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sented slightly more difficulty, but was delivered by Mauriceau method—extrac- 
tion taking less than two minutes. Child very slightly asphyxiated and responded 
to mild stimulation. Mother and child in excellent condition. Length of child 
2 cm.; weight, 8'% pounds. 

Previous History—The child had been breast fed, and nursed from one-half 
to three quarters of an hour every two hours. The mother described the child 


on 


as “nursing and nursing and nursing and not getting enough.” The child slept 
poorly, often waking up and whining. 

A few days after birth an impairment of movement in the legs was observed 
by the attending physician; he noted that the condition improved after a few 
days. The mother stated that the child had always moved its hands a little, 
except the left arm; and that this difficulty was observed at, or a few days after, 
birth. The child cried when it was born: it had a weak cry at first. 

The child began to get weaker after reaching the age of 1 month. Two weeks 
later it was admitted to the hospital. 

Present Illness—Physical Examination: On admission, the patient was 
described as an emaciated infant of rather poor development—weight, 6 pounds 
10 ounces. Length, 55 cm.; circumference of head, 35.6 cm.; circumference of 
chest, 29.4 cm. The anterior and posterior fontanels were open, the sutures 
not yet ossified. The eyes were apparently normal; the pupils reacted to light. 
The movements of the face and mouth were symmetrical; the reflex from the 
lips was present. The movements of the tongue were apparently normal; as was 
also the appearance of the throat. The voice was weak. The mucous mem- 
branes were pale. There was no general glandular enlargement. 

The child lay with its head in almost any position; the head was wobbly, but 
there was a suggestion of a certain amount of stiffness in the deep muscles of 
the neck. 

The breathing was entirely of the abdominal type. On inspiration there 
was marked retraction of the chest wall over the left side below the level of the 
third rib. The breath sounds were less well heard over this area. ‘The heart 
sounds were strong and clear, the apical impulse was visible inside the nipple 
line; there were no murmurs. The abdomen was prominent; otherwise appar- 
ently narmal. The skin seemed much too large for the body. In most places the 
muscles could be felt under the skin. The calf muscles could not be felt. When 
the child was lifted up with the hands in the axilla, there was definite resis- 
tance of the pectorals and the latissimus dorsi muscles. The right arm was held 
flexed at the elbow; there was definite wrist drop; the biceps was in active con- 
tracture; there was flaccidity of the triceps and the extensors of the hand; no 
movements of extension of the wrist were seen. The left arm was flexed at the 
elbow, and held to the side; there was some contracture of the pectorals and 
latissimus dorsi as well of the biceps. The left hand was held slightly flexed 
and was not particularly loose at the wrist. The hands were long and slender. 

The child lay with the legs rotated outward, slightly flexed at the hips, and 
flexed at the knees and ankles. There was definite contracture of the abductor 
muscles, and some apparent shortening of the hamstrings; the knees could be 
brought to a straight line. The child made few but some movements of the 
legs ; there was slight movement of the calf muscles. The ankles were extremely 
mobile; the feet were long and slightly ape-like, and could be brought to rest 
against the lower leg. 

The knee jerks were not obtained; it was impossible to obtain the reflexes 
from the contracted bicep muscles. The lip reflex was present; the child took 
food well. No involvement of the sphincters was noted. Roentgen-ray exami- 


nation of the skeleton was negative. 

Application of the faradic current to the extensor muscles and the ulnar 
nerve of the left arm, and to the internal and external popliteal nerves of both 
legs, elicited no response (though the current was sufficiently strong to cause 
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tetanic contractions in the observer’s hand). Application of the galvanic cur- 
rent (cathode, 8 milliampéres) to the radial nerve of the left arm and to the 
popliteal nerves gave no response. 

Direct application of the cathode to the extensor muscles of both forearms 
(very strong current) gave small contractions, and to the extensor muscles 
of the right arm (from 5 to 6 milliampéres) gave very slight contraction; to the 
right calf muscles (10 milliampéres) feeble contraction. These were not the 
slow, sluggish contractions of the typical reaction of degeneration. 

Stimulation of the nerves of the arms and legs with the galvanic and faradic 
currents gave no response, while galvanic stimulation of the muscles of the 
forearm and of the muscles of the legs—it was particularly the calf muscles 
that were stimulated—gave very slight contractions to currents up to 10 
milliampéres. 

The child remained in the hospital eighty-three days, reaching thus the age 
of 18 weeks. 

Treatment.—Surgical: A myringotomy was done during the first week and 
several times thereafter, with escape of bloody or serous fluid. Excepting 
slight elevations of temperature that preceded the myringotomies, the patient’s 
temperature was, as a rule, normal until near the close of the period of observa- 
tion, though there were occasional slight elevations due apparently to super- 
ficial skin infection. There was occasional slight leukocytosis. 

Dietetic: She received formulas of whole milk and barley water with lactose, 
and malt soup, and gained in weight steadily, reaching 7 pounds and 10 ounces 
on the eighty-third day. The stools were of normal appearance; an enema 
was rarely needed. The urine was negative throughout. Massage was given 
for nearly a month and then discontinued. 

Results: It was noted that the contractures increased from day to day; the 
arms became equally and more completely flexed at the elbows. The voluntary 
movements in the arms were eventually reduced to slight movements of the 
fingers, and those of the legs to slight flexion and extension of the foot and 
toes. 

In a later examination, on the twentieth day of observation, it was noted 
that the forehead was in constant folds and that the child held the eyes widely 
open showing sclera about the iris, but that it could close the eyes completely. 
The eyeballs were very unsteady, constantly moving in almost any direction 
with a peculiar quick, sharp, snappy jerk. The movement of the eyeballs was 
not impaired. The pupils reacted to light. The ophthalmoscopic examination 
was but partially successful, owing to the movements of the child; what was 
seen of the retina appeared to be normal. The child swallowed readily when 
the head was turned to the left; with difficulty when turned to the right. 

The expression of the child was at this time anxious; she made attempts to 
cry, as shown by the contraction of the facial muscles, but very rarely was a 
sound emitted. This was apparently due to insufficient expiratory power on 
the part of the abdominal muscles. 

The type of respiration was noteworthy (Fig. 1). The musculature was thin. 
The thorax was long and distorted; it was never elevated. With each inspira- 
tion it was dragged down toward the vertebral column, as well as toward the 
umbilicus; with each expiration it rose again, but only to a moderate extent, 
and the front of the chest as a result of this was much flattened. The move- 
ments of the diaphragm were very marked, and caused a great protrusion of the 
abdomen with each inspiratory effort. This was, perhaps, the result of an 
unusual attachment of the diaphragm; the fifth rib on the left side was drawn 
partly behind the sixth in each inspiratory movement. (Inspiratory and expira- 
tory positions are well shown in Figure 1). 

Terminal Stage: During the last ten days signs of bronchopneumonia 
appeared. The child’s temperature fell to normal on the eighty-first day of her 
stay in the hospital; then rose rapidly till it reached 107.6 F. on the morning 
of the eighty-third day, when the pulse failed and the respiration soon ceased 
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Comment: Clinically, this case corresponds very closely to cases 
of amyotonia congenita as described by Oppenheim in !900. The 
appearance of the body during respiration, though striking, is entirely 
in accord with Oppenheim’s observation that in severe cases the 
paralysis involves the intercostals and other muscles of the trunk, 


but leaves the diaphragm undisturbed. (The unusual attachment of 


the diaphragm is an anomaly of only passing interest.) In being 


flattened from before backward, the contour of the thorax in this case 
differs from that described in Kaumheimer’s case (“poorly developed, 
narrow, pear-shaped, and grooved laterally’), and the somewhat simi- 
lar findings in Councilman and Dunn’s case. The occurrence of con- 
tractures is not altogether uncommon in cases of amyotonia congenita, 
especially in those of longer standing, and has been noted by Collier 
and Holmes, Collier and Wilson, Haberman (two cases), Ashby, 
Marburg, Batten, Kundt, Variot and Deviller, and Kraumheimer, 
among others.'* It is in the histopathologic findings that the case 


ditfers from others that have been described. 


Vecropsy Findings—A complete postmortem examination was made six hours 
after the child’s death. The viscera were removed and the body was injected 
with 10 per cent. liquor formaldehyd solution. The brain and the spinal cord, 
together with portions of the peripheral nerves and muscles, were then removed 
and placed in 10 per cent. liquor formaldehyd solution for further study. 

Macroscopic: The gross pathologic findings may be summarized as follows: 
An emaciated infant, muscles everywhere pale and of a reddish gray color, 
except the diaphragm, which is dark red. The diaphragm is the only normal 
appearing muscle. Omental fat absent. Practically no epicardial fat present. 
Myocardium everywhere uniform, but rather pale. Pyloric valve shows nothing 
unusual, nor does the tongue. Thyroid gland appears normal. The supra 
renals are preserved for physiologic examination. Portions of tissue are 
removed from the biceps, pectoral, intercostal and sartorius muscles, also from 
the musculocutaneous nerve, which apparently supplied the biceps, and from 
the sciatic nerve just below the great trochanter, and from the diaphragm. 

Microscopic: The general microscopic notes may be summarized as follows: 
The thyroid and thymus appear normal. The pancreas is thought to show slight 
hyperplasia of the islands. There is some fragmentation of the heart muscle. 
Many of the fibers show areas of degeneration where muscle has become rather 
hyaline and its structure is lost. These areas are fairly frequent, but are small 
and involve only about 5 per cent. of the muscle fibers. Leukocytes are seen 
in these areas; they are sometimes seen in -the fibers themselves. There is no 
apparent increase in the interstitial tissue. The general microscopic findings 
are otherwise unimportant. 

Central Nervous System: The membranes covering the brain appear to be 
quite normal. The brain is of normal size for the age. Stripped of its mem- 
branes it weighs 580 gm. (normal weight at from 3 to 6 months, female, 560 gm. 
(Boyd and Schaefer): 602 gm. (Holt). The general shape of the brain is 
normal. The fissures are rather more distinct than usual and the convolutions 
are prominent. This is shown in Figures 2, 3, 4 and 5. 

14. Strauch, A.: Pathology of Myotonia Congenita, Am. J. Dis. Child. 10: 
16 (July) 1915 
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Sections of the cortex were removed from the frontal, motor and calcarine 
areas as shown in the accompanying photographs, and were subjected to micro- 
scopic examination. They show nothing unusual (thionin, toluidin blue and 
cresyl-violet stains). The normal cells are present. The Betz cells appear 
normal. 
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Fig. 2.—Right lateral view of the brain. Normal configuration 





Fig. 3—Superior surface of the brain. Normal configuration; also sites 
from which sections had heen removed for study. 


Spinal Cord: The cord has been slightly injured, during removal, at the 
sixth dorsal segment; elsewhere it appears to be uninjured. Some spinal 
ganglia have been lost. On inspection, the membranes present nothing unusual. 
There is no evidence of any congenital abnormality nor of any inflammatory 
condition. The blood supply appears to have been normal. 
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For purposes of comparison, cords and brains were obtained at the 
postmortem table from stillborn infants, and from premature and 
full-term infants that had died of acute conditions at ages ranging 
from 6 hours (subdural hemorrhage) to 14 months. Certain of these 
were selected for comparison. They may be designated as Cords 
A, B, C and D, and were obtained from full-term infants dying 

-. 


aged 12, 13, 20 and 28 weeks, respectively. 


Fig. 4.—Inferior surface of right cerebral hemisphere. Normal configuration. 


Fig. 5.—Mesial surface of right cerebral hemisphere. Normal configuration, 
and also site from which sections had been removed for study. 


Comparison of our cord (18 weeks) with cords of other infants 
shows that it is almost as large as Cord D (28 weeks’ old child), 
considerably larger than Cord C (20 weeks) and much larger than 
Cords A and B (12 and 13 weeks). In form and general appearance 
the cord most closely resembles Cord D. The dorsal (posterior) roots 


are little, if any, smaller than the corresponding roots of Cord D, and a 
little larger than those of Cord C. The ventral (anterior) roots are 
very much smaller than those of Cord D, and also slightly smaller 
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than those of Cord C. The relation between the size of the anterior 
roots and posterior roots of our case is 1:3 and 1:4, whereas nor- 


mally it is 1:2. The fibers of the cauda equina are in size equal to 
those of Cord D, and larger than those of Cord C. 

No appreciable difference in the contour of cross sections from 
the same levels in the three cords is noted, though there is relative 
difference in area, as indicated above. There is no evidence of 
flattening or loss of substance, in the regions of the ventral anterior 
cornua. 


MICROSCOPIC EXAMINATION OF CORD 


Microscopic examination of sections from various levels of the cord yields 
the following results (Figs. 6 to 16, inclusive) : 











Fig. 6—Seventh thoracic segment, showing well preserved cells of Clarke’s 
column (A) and almost complete absence of large cells in the ventral (motor) 
horns (B). No demonstrable gliosis. 


There is no evidence of any acute or chronic inflammatory process. No accu- 
mulation of polymorphonuclear leukocytes or of small round cells are seen. 
There is no evidence of recent degeneration—absence of fat and other products 
of myelin degeneration, as shown by scharlach R and sudan III preparations. 
Myelinization appears to be normal for a cord of this age (eighteen weeks), as 
shown by Weigert preparations from C.I and VI, Th.VIII and L.II ( Spielmeyer 
Pal-Weigert technic). 
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The cells of Clarke’s columns are, as a rule, well preserved (Th.VII and 
L.I1). The cells are of normal size as compared with those from cords of 
infants of about the same age. Certain cells show lateral displacement of the 
nucleus, but no other abnormal changes are seen. 

The large (motor) cells of the anterior horns (C.1V, Th.VIII and L.I1) are 
strikingly few in number (thionin stain), and are, in part, represented by cells 














Fig. 7.—Seventh thoracic segment, * 30. Another section showing presence 
of usual cells in Clarke’s column, and almost complete absence of large cells 
in the ventral (motor) horn. Areas (a) and (b) are shown enlarged in 
Figures 8 and 9, respectively. 


that are much smaller in size, but otherwise of the same appearance. These cells, 
instead of being at least equal in size to those of Clarke’s columns, are usually 
from one fifth to one third or one half the size of these. Only occasionally is a 
cell of normal size found. Such cells as are found present, as a rule, have a 
perfectly normal appearance, except that they are small. A few cells show 
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ceding figure (Figure 7). 
































Figs. 10 and 11 (x 125).—Similar enlargements from the anterior (motor) 
horns of lower cervical and upper lumbar regions, respectively. 
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peripherally displaced nuclei. Comparison of the number of these cells, iarge 
and small, found in a series of sections, with the number of large (motor) cells 
found in central sections from normal cords, shows a close correspondence in 
the toal number of cells present. 

It is doubtful if the glia cells are anywhere increased in number. The cells 
lining the central canal are of normal arrangement and appearance. Sections 
stained for neurofibrils (Beilschowsky technic not satisfactory) show possibly 
some diminution in the number of these elements in the gray matter of the 
anterior horns. 














Fig. 12 (<< 125).—Similar enlargement from the anterior (motor) horn at 
the level of the cafda equina (section in this case being stained by Weigert-Pal 
method, hematoxylin counterstain). Shows (a) large anterior horn cell of 
normal structure, (b) a similar smaller cell that at the same focus appears 
pyknotic but is, in fact, of perfectly normal appearance, with centrally placed 
vesicular nucleus and well defined nucleolus, (c) an artefact, foreign matter, 
and (d) myelinated fibers passing out to the (right) anterior root. 


The sections (Weigert preparations) that include portions of the anterior 
and posterior roots show that the posterior roots are much better myelinated 
than the anterior roots. The myelinization of the latter is, however, uniform 
in individual fibers. There are no degenerative changes seen. 
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Fig. 13.—Seventh thoracic segment of cord-of normal 3 months old infant, 
125. Hematoxylin and eosin stain. Shows cells of Clarke’s column (a) and 
of anterior (motor) horn (b). Included to show comparative size of cells in 
these areas in normal cords. Contrast with condition obtaining in preceding 
figures. 
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Fig. 15.—Seventh thoracic segment, 1,000. Thionin stain. Shows char- 
acter of small cells found in anterior (motor) horn. These cells replace for 
the most part the larger motor cells found in these areas in normal cords. 
c.f. Figures 9 and 14B. 












































Fig. 16.—Weigert-Pal preparations (x 16) showing degree and distribution 
of myelinization of the cord essentially normal for fourth (fifth) month of 
age. (Relatively deficient myelinization of the anterior roots is shown in 
the sections from the lower thoracic and lumbar regions, where portions of 
the roots happen to be included. A and B, cervical; C and D, thoracic; 
E, lumbar. 
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Nothing abnormal is seen in cellular stains of the peripheral nerves, longi- 
tudinal and cross-sections (Figs. 17 and 18). The cells of the neurilemma 

















Fig. 17.—Sciatic nerve, longitudinal section, & 350. Hematoxylin and eosin 
stain. All cells appear healthy; no evidences of degeneration seen. 





Fig. 18.—Sciatic nerve, cross section. Separation of the bundles (a) is due 
to technical procedures and contraction; no proliferation of connective tissue 
is present. The normal appearance is seen at (b). 
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sheaths are numerous; there is no increase in connective tissue elements. The 
accompanying photographs illustrate the points referred to. 

Muscles: There exists a great difference between the sections taken from 
the diaphragm and those taken from the peripheral muscles. Sections taken 
from the latter all bear a great resemblance to one another. 


























Fig. 20.—Diaphragm, longitudinal section, & 350. Showing uniform size of 
fibers, preservation of cross-striation, and absence of increase in number 
of nuclei. 


In sections from the diaphragm (Figs. 19 and 20) the fibers are normally 
disposed, are of approximately the usual size, and present no anomalies of 
striation. The nuclei appear to be normal and are not increased in number. 
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Figs. 21 and 22.—Diaphragm, longitudinal sections, & 400. Showing fibers 
in their course, and also a point of insertion into tendinous attachment. 
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There are no deposits of pigment, and no increase in connective tissue elements. 
Vacuolization and deposits of fat are not seen. On cross-section the appearance 
of the fibers is normal (Figs. 23 and 24). 











Figs. 23 and 24.—Diaphragm, cross section, « 100 and x 400. Showing 
normal character of fibers as seen in cross section; also absence of increase in 
connective tissue. 
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Peripheral (Voluntary) Muscles: The picture here is a striking one. The 
condition is best seen in Figures 25 and 26, less well in the other longitudinal 
pictures. In Figure 25 it is seen that there are areas of large muscle fibers, 
cut in cross-section, and areas of other very small muscle fibers gathered into 








Fig. 25.—Biceps, cross section, 100. Showing juxtaposition of sharply 
defined areas (bundles) of large (“hypertrophied”) muscle cells and areas of 
small (undeveloped) muscle cells. The occurrence of bundles of mixed fibers 
is seen at (a). 








Fig. 26—LEnlargement of area outlined in Figure 25, x 400. 


bundles or fasciculi. The areas of a highly cellular nature are likewise dis- 
crete. They lie scattered among the bundles of large muscle fibers as if they 
occupied the position of certain muscle bundles. 
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Examinations of the fields or areas of large muscle fibers shows that the 
individual fibers are much larger than those taken from the same muscles in 
subjects of about the same age. They are larger than fibers found in control 
sections from persons ranging up to 5 months of age. The areas of Cohnheim 
are well defined. The fibers appear to be merely hypertrophied. 

The distinction between the areas of large cells and the areas of small cells 
is sharp. The variation in diameter seen among the large fibers is not rela- 
tively greater than seen in the control sections. Intermediate stages between 
the large fibers and the structures seen in the cellular areas are rarely to be 
distinguished. 

The longitudinal sections from the peripheral muscles are all essentially 
similar. Their appearance is well shown in Figures 27 to 34, inclusive. Fields 




















Fig. 27.—Biceps: longitudinal section, 100. Showing what at first sight 
appears to be variation in size of fibers, distortion of fibers, and accumulation 
of nuclei in apparent course of fibers. These seeming abnormalities, however, 
are not real. The preservation of cross striation in all places is rather 
well seen. 


of large and unusually perfectly formed muscle fibers are interrupted by areas 
of a cellular character. 

It is not always easy to follow individual fibers for any great length. 
Instead of being linear, individual fibers, and more often groups of them follow 
a curved, sinuous or more or less spiral course.” For this reason many fibers 
are cut obliquely and frayed ends are seen. Not infrequently these overlie cel- 


15. This seems to be due to contractions of tissue during life and to pro- 
longed fixation. 
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lular areas and at first glance have the appearance of merging into them. 
More careful study shows that they do not do this and indicates that the large 
muscle fibers are of normal structure throughout. 

(There are, however, two anomalies present, both of which appear to be 
artefacts. The first is the occurrence in course of fibers of areas in which 
the sarcostyles are separated one from another and bowed to one side; occa- 
sional muscle nuclei are seen adherent to displaced bundles of sarcostyles. This 
seems to be an artefact due to technical procedures, found also in some of the 
sections from control muscles. The second anomaly is the appearance of a 
glassy, struc‘ureless, or finely granular material occupying short segments of 
some fibers. This condition is found also in certain of the control sections, 
and is said to be produced by the action of weak acids on muscle during the 
course of preservation and technical manipulation. ) 
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Fig. 28.—Biceps: longitudinal section, K 400. Enlargement from Figure 14 


to show character of apparent increase in nuclei. 


Apart from these apparent artefacts, the muscle fibers are faultless in struc- 
ture, but of unusually large size for the age of the child. They have the 
appearance of being merely hypertrophied muscle fibers. No degenerative 
products whatever are seen within them. 

The cells composing the cellular areas have large nuclei that appear to be 
identical with those of the adjacent muscle fibers. They are young looking and 
fresh. No mitoses are seen; nor any signs of degeneration. The tissue sug- 
gests more that seen in studying embryos rather than mature bodies. The 
nuclei are somewhat closely placed. The outlines of the individual cells are 
scarcely to be seen. It is not always clear whether they are fusiform in shape, 
single, or multi-nucleated. It is clear that they are muscle cells, and that 
they are either embryonic in character and immature (Fig. 35) or are the 
result of some regressive process and derived from more mature muscles. 
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No evidence of increase in connective tissue, endomysium or perimysium, is 
seen. Adipose tissue is conspicuously absent. Scharlach R preparations show 
only occasional globules of fat, and these are normally placed. 

The most striking features of the sections, as a whole, is their resemblance 
to vigorous fetal tissue rather than to atrophic or degenerating mature tissue. 


Comment on Histopathologic Findings—From the foregoing study, 
one fact seems to stand out clearly: The condition present in the 
muscles of this case of amyotonia congenita is not, in a strict patho- 
logical sense, a degenerative one. The usual evidences of disintegra- 
tion of highly specialized tissue are absent. Cross striation is every- 


where preserved. Where the muscle cells are sufficiently large to 





Fig. 29.—Biceps: another portion of Figure 15 enlarged to show character 
of increase in nuclei, * 400. 


permit of individual study, their structure is faultless. There are no 
degenerated nuclei, no deposits of pigment, no structureless masses of 
albuminous material, no hyaline areas, save those obviously due to 
artefacts, no intracellular accumulations of fat that are demonstrable 
by the usual technic, and, finally, no replacement of muscle tissue by 
adipose tissue, and no overgrowth of connective tissue. The possi- 
bility that the conditions present are due to acute or chronic degenera- 
tive changes may be dismissed. 

There remain two other possibilities: (1) that the condition may be 
due to simple atrophy, and (2) that it may be an example of retarded 
development. These may be taken up in order. 


Atrophy.—lf the condition be viewed as one of regression, or of 
simple atrophy, of previously existing normal fibers, two questions 
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arise: When, or at what stage of development did the regressive 
process begin? and, Does the pathologic picture found here correspond 
to what we know of regressive change, or simply atrophy? 

The only evidence we have for fixing the time of the lesion tends 
to show that the condition was present at birth. That the child’s 


muscular movements were weak was noted during the first days of 
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Fig. 30.—Biceps: longitudinal section, * 400. Showing (a) what appears to 
be increased number of nuclei in the course of a fiber with occurrence of 
longitudinal fragmentation of a fiber, each nucleus receiving a portion of 
the muscle substance in which cross striations are still present (b). Two 
fibers are cut somewhat obliquely at (c). This picture is capable of another 
interpretation—see hereafter. 


its life, and the weakness increased until death. That the fetal move- 
ments were felt by the mother is of little aid in fixing the date of 
onset, because the vigor of fetal movements, or at least the mother’s 
perception of them, varies greatly in individual cases, and it has 
been shown that the vigor of movement in infants suffering from 
amyotonia is greater when the parts are immersed in a fluid medium. 
The lesion may have been present early in fetal life. 



































Fig. 31.—Intercostal muscles. Cross-section, « 100. Van Giesen’s stain. 
Shows contrasting areas of large (a) and small (b) muscle fibers, and absence 
of connective tissue proliferation around the muscle cells. (Compare areas 
(a) and (b) in the center of the field.) The sharp contrast between the yel- 
low protoplasm of the large and small muscle cel!s and the reddish staining 
of the connective tissue cells in the original preparation is not shown in the 
photographic reproduction. 








Fig. 32.—Sartorius. Longitudinal section, « 100. Showing seeming irregu- 
larities in size of fibers, absence of true increase in connective tissue, and 
absence of fatty infiltration. The cross striations are well preserved as is 
shown in higher magnifications of the same area (Fig. 24). (Absence of 
edema, etc., is shown by the normal appearance of cross sections of the 
same muscle.) 
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None of the accepted causes of simple atrophy appear to have 
been present in this case—unless it is assumed that the innervation of 
the muscles was abnormal and that nervous impulses of normal fre- 
quency and intensity were lacking.’® The picture is not due to starva- 
tion with consequent atrophy. The child was merely poorly nourished, 
not emaciated, and during the last weeks of her life gained weight 
steadily. (She was, however, almost entirely lacking in subcutane- 
ous fat.) 

The histologic picture does not correspond to that found in atrophy 
following sudden injury to the peripheral nerves, in that such atrophy 
usually has associated with it evidences of true degeneration, or 
breaking down of highly organized substances with the production 
of degenerative products. These are absent. Nor does the picture 
correspond to that seen in cases of poliomyelitis in the very young. 
It differs also from simple atrophy following limitation of movement, 
ankylosis, cerebral injury, prolonged wasting and starvation, in that 
the change, while general, is not uniform in any given muscle, but 
affects certain fibers, or oftener, bundles of fibers, and leaves others in 
the same muscle uninjured, or hypertrophied. Nowhere is there seen 
any increase in the connective tissue elements. The delicate endo- 
mysium is not increased, indeed, considering the small size of the 
cells in the atrophic areas, the amount of connective tissue present, 
there, is less than that in the areas of hypertrophic fibers. There is 
no secondary sclerosis. The blood supply in the areas of small cells 
is not deficient; the vessels appear normal. 

Delayed Development.—On turning to the second possibility, 
namely, that the condition present is one of retarded development 
of the skeletal musculature, one fact stands out prominently. The 


16. In considering the possibility that the conditions may be due to a defect 
in innervation, it is interesting to compare the findings in this case with the 
conditions found in a form of inactivation atrophy that occurs in infants, the 
pseudo-paralysis of markedly rachitic babies. The changes are not wholly 
unlike. As described by Strauch, the muscle changes in rachitis are “marked 
reduction of the caliber of the fibers, defective transverse striation, marked 
longitudinal striation, striking increase in the number of muscle nuclei (pos- 
sibly merely relative, and due to reduction in volume of the protoplasm), lack 
of fatty tissue, indistinct sarcolemmal edges, and densely crowded fibers.” 
There are several objections to assuming that the processes are alike: First, 
that it is not clear that inactivation atrophy in infants ever causes such marked 
diminution in the size of the fibers as that present in our case—though it is 
conceivable that it might do so where defective stimulation dated from intra- 
uterine life. Second, that such etiology does not account for the occurrence 
of bundles of markedly hypertrophied muscle fibers within the same muscle, 
and occasionally, of individual hypertrophied fibers in a bundle of immature 
fibers. Third, and most important, the fact that the tissue at hand has not 
the general appearance of atrophying tissue, but rather that of young, vigorous, 
embryonic tissue. This attracts all observers. 









































Fig. 33.—Sartorius. Longitudinal section, 400. Enlargement from Figure 
32, showing the character of the changes present in the fibers and the preser- 
vation everywhere of the cross striations. 











Fig. 34.—Portions of small fibers from the biceps (A) and intercostal (B) 
muscles, respectively, cut longitudinally and showing the fusiform character 
of the cells, « 400. Van Giesen’s stain. (In the original preparation, the 
protoplasm of the cells is stained yellow; the interlacing delicate connective 
tissue fibrils of the endomysium stand out in sharply contrasting red (fuchsin 
staining). The color content of the preparations makes it impossible to obtain 
sharply defined photomicrographs in high magnifications. Figure 35 shows a 
portion of the biceps (Field A). (Drawn by Mr. Broedel from the original 
preparation. ) 
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microscopic preparations from the muscles in this case bear, in the 
areas of small fibers, a striking resemblance to embryonic tissue. This 
feature at once impresses all observers. The resemblance is more 
than superficial. 

The cells, when seen in longitudinal or obliquely cut sections, appear 


uniform in size, their nuclei are similar, the connective tissue element, 


the endomysium, is not evident. The whole appearance is that of 
homogeneous, healthy, embryonic tissue. It resembles most closely 


skeletal tissue from human fetus in the third month. 

When stained with von Giessen’s stain, the protop!asm takes the 
yellow color of sarcoplasm, and is sharply differentiated from the 
connective tissue filaments that are present (cf. Figs. 34 and 35). 
In cross sections, a delicate endomysium is seen to surround most 
of the cells. 

[In close proximity to these areas of small cells, or fibers, are 
found larger fibers, as already described. They conform in every 
detail to the appearance of mature muscle fibers. In cross sections 
it is possible to find every gradation from small cells with only a 
delicate rim of protoplasm (and this stained yellow with von Giesen’s 
stain) up to cells of normal size and appearance, and so to immensely 
hypertrophied cejls; in longitudinally cut sections this is not so easily 
done. 

The entire absence of products of recent regressive change (degen- 
eration), on the one hand, and of sclerosis, or reaction on the part of 
the connective tissue elements, on the other hand, speaks strongly 
against the occurrence of either recent or early degenerative changes. 
There is no evidence of rep!acement of muscle tissue by adipose 
tissue; rather does adipose tissue appear to be present in unusually 


small amount for an infant of this age. 


SUMMARY 


The case here described conforms in all essential details to the 
condition known as amyotonia congenita (Oppenheim). The disease 
was present at birth. There was no lasting amelioration, and the 
child died of the usual pulmonary complications at the age of 18 weeks. 

The significant lesions are found in the spinal cord and in the 
muscles. The spinal cord is relatively large for the age of the child; 
the anterior roots are diminished in size as compared with the 
posterior roots. There is no disturbance of the contour of the cord 
in cross section. Microscopic examination shows complete absence 
of any acute, or chronic, inflammatory process, and no evidence of 
recent degeneration. Myelinization normal. Cells of Clarke's column 


of normal size and well preserved. 
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Fig. 35.—Microscopic field shown in Figure 34, A. Note 
ing of the muscle fibers (Van Giesen stain) and the violet 
contrast stain) of the nuclei and of 
the endomysium. 


the delicate connective 


“¥ 


(> 


the yellow stain 
staining (fuchsin 


tissue fibrils 


ot 























we 
Jt 


HOLMES—AMYOTONIA CONGENITA 43: 


The large (motor) cells of the anterior horns are strikingly few 
in number, and are in part represented by cells that are much smaller 
in size but otherwise of the same appearance; only infrequently is 
a cell of normal size found, but, save in size, such cells as are found 
are of perfectly normal appearance. No gliosis. 

In the muscles, areas (bundles) of hypertrophied, but otherwise 
normal, muscle fibers are intermingled with areas of small, apparently 
healthy muscle fibers (cells). The latter appear to represent less fully 
developed bundles of muscle fibers. There is no evidence found of 
present or past degenerative processes ; the component muscle cells are 
embryonic in appearance, resembling most closely muscle cells from a 
human fetus of the third month. There is no increase in connective 
tissue ; no evidence of replacement of muscle tissue by adipose tissue. 

The histopathologic findings are best explained on the assumption 
of a delayed or retarded embryologic development affecting certain 
motor cells of the anterior horns and certain groups of developing 


muscle cells (fibers). No anomaly of the peripheral nerves, muscle 


spindles, or blood vessels is recognized. 











LESIONS IN THE MIDBRAIN 
REPORT OF A _ CASE 


J. H. M. KNOX, Jr, MD. 


BALTIMORE 


\Ithough the midbrain is one of the smallest divisions of the central 
nervous system, within its structure are to be found certain essential 
nuclear centers and great nerve paths, motor and sensory, connect- 
ing the cerebrum and cerebellum with the spinal cord and thence with 
the entire nervous system. It is the continuation upward from the 
pons varioli and comprises the two crura of the cerebrum which are 
surmounted by two pairs of tubercles; the corpora quadrigemina. The 
aqueduct of Sylvius, connecting the third and fourth ventricles, pene- 
trates its entire length on its dorsal aspect. 

Its principal nuclear structures, in addition to the quadrigeminal 
bodies, are the two large paired red nuclei, receiving fibers from the 
superior cerebellar peduncles, the nuclei of the third and fourth cranial 
nerves, the central gray nuclei, the small nuclei of the fifth nerve, the 
nuclei of the posterior commissure of the posterior longitudinal bundles 
and the substantia nigra. At its upper border the midbrain is in close 
relation to the thalamus and the geniculate bodies. 

3ecause of its central position and of the compactness of its struc- 
ture, the region of the midbrain presents a difficult field for experi- 
mental study. The changes, therefore, in this area brought about by 
injury and disease have furnished more important information of the 
function of the several elements composing the midbrain. Extensive 
lesions in the midbrain are difficult to interpret because of the many 
complicated connections involved. 

The topical diagnosis of lesions in this area has been exhaustively 
treated by Marburg.’ Many of the deductions from the reported cases 
are somewhat conjectural. It is difficult, of course, to distinguish 
between symptoms that may be due to the destruction of nerve tissue 
by disease and those which are produced by alteration in function in 
the same area because of the involvement of neighboring structures. 
From the mass of often confusing data three more or less outstanding 
syndromes have emerged as the result of disease in various portions of 
the midbrain. These are: 

(a) Syndrome of Weber,’ which consists of hemiplegia in one 
side of the body with oculomotor palsy of the other side. This results 


1. Marburg: Wien. klin. Wehnschr. 18:532, 1905. 
2. Weber: Med. Chir. Trans., 1863, cited by Jelliffe and White: Dis. Nerv. 
System, Ed. 3, p. 542, 1919. 
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from a lesion affecting one of the peduncles, due usually to throm- 
bosis of the basilar artery, to tumors or to inflammatory products in 
this region, and extending mediumly so as to compress the third cranial 
nerve or its nucleus. 

(b) Syndrome of Benedict,* which consists of the Weber syndrome 
plus a tremor on the side of the hemiplegia, that is, some oculomotor 
palsy with a crossed hemiplegia and a persistent tremor which increases 
somewhat on voluntary motion. Apparently, there is some uncertainty 
as to the site of this lesion but it probably represents the involvement of 
the peduncle and the third nerve, the lesion also reaching dorsally to 
the red nucleus which receives nerve fibers directly from the cere- 
bellum. If the lesion fails to involve the peduncles the hemiplegia may 
be absent. 

(c) Syndrome of Nothnagel,* which is described as a unilateral or 
bilateral oculomotor palsy with ataxia of the cerebellum type. It 
is supposed to suggest the lesion of the corpora quadrigemina with 
pressure upon the superior cerebellar peduncles. Symptoms of this 
character are more often the result of tumor in the corpora quadri- 
gemina or in the pineal gland. 

In view of the confusing symptomatology often noted in patients 
suffering from midbrain lesion it will be of interest to report a case 
in which the symptoms were comparatively definite and the pathologic 


findings fairly circumscribed. 


REPORT OF CASE 


The patient was a colored boy, R. J. [No. 6747], 3 years of age who was 
brought to the Harriet Lane Home, Johns Hopkins Hospital, Feb. 3, 1915, 
because of “general weakness and trembling and drooping of the eyelids.” 

Family History—The family history was negative; the father and mother 
were well; one sister and one brother were living and well; a brother died 
of pneumonia at 10 months. There had been no other pregnancies and no 
history of syphilis or tuberculosis or of any illness in the family similar to 
that of the patient. 

Personal History—The child was born at full term without instruments 
and was breast fed for fourteen months. He had measles at 18 months and 
pertussis at 24% years with uninterrupted recoveries. There have been no other 
illnesses and no sore throat or skin eruptions. The boy’s development was 
normal. He cut his first teeth at 4 months, walked well at 11 months and 
talked at 17 months. There have been no disturbances of digestion and no 
renal symptoms. 

The patient appeared to be perfectly normal until six months before admis- 
sion when he stopped crying almost completely. Nothing further unusual was 
noted, however, until four months afterward when it was noted that his hands 
would shake when feeding himself. No paralysis or weakness had been 


3. Benedict: Nery. Pathol., 1872, cited by Jelliffe: Interstate M. J. 18:819 
1911. 
4. Nothnagel: Brain (July) 1889; cited by Marburg. 
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remarked up to this time. At about the same period and following a coryza 
the mother noticed that the boy’s eyes began to droop; both sides were equally 
affected. The child became nervous, jumped at every noise but no other change 
was observed except that he did not cry. The mother thought him “as bright 
as before.” 

Physical Examination.— When seen the child’s general condition seemed 
excellent. His temperature was 99.6 F.; the skin was clear; his head was well 
formed; the circumference being 19% inches. The fontanels were closed. No 
abnormalities were detected about nose, ears or throat. The teeth were in 
excellent condition. There was some enlargement of the epitrochlear glands. 





Fig. 1.—Bilateral ptosis and external strabismus of right eye due to unbal- 
anced action of external oblique muscle. 


Eyes: The pupils reacted to light, the left better than the right. -.There 
was an occasional lateral nystagmus of the right eye. A marked bilateral 
ptosis of the eyelids, apparently equal on both sides, was present. There was 
definite lateral deviation of the eyeballs to the right. Upward deviation was 
not well observed; downward deviation seemed normal. There was no con- 
junctivitis or photophobia. 

The lungs, heart and abdomen presented no abnormalities. No definite 
weakness of the muscles of the legs or arms could be shown—sensation was 
normal. No alteration was found in the deep reflexes, except that those at 
the knee were somewhat increased. His gait seemed normal and he executed 
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the finer movements well. Romberg’s sign was absent. The boy seemed 
unusually bright. He obeyed commands well and was not irritable. The 
Wassermann reaction was negative. 

Later Examination—Two weeks later the patient returned with the history 
of having had two attacks of weakness (paraplegia), and that he had become 
very weak and limp after the second one. He was admitted to the ward, 
February 18. Three days afterward he became somewhat drowsy and difficult 
to arouse. Macewen’s sign was suggestive. There was an‘increase of ptosis 
of the right eyelid which he could not raise as well as the left. 

When placed on the floor, he stood with his head thrown back, arms out- 
stretched and the feet far apart. When attempting to walk there was great 
uncertainty of movement and when standing or walking there was a coarse 
tremor of both arms and legs. 

There was no movement of the eyeballs, excepting those produced by the 
action of the external recti. The examination of the fundi showed a very 
slight degree of secondary atrophy. There was no evident impairment of 
hearing. 

Laboratory Examination.—The spinal fluid obtained was under a marked 
increase in pressure, gave a reaction for globulin and contained an increased 
number of cells mostly of the mononuclear type. On subsequent examinations 
the number of cells increased from 38 to 200 per c.mm. The Wassermann 
reaction in the blood and spinal fluid were negative. The von Pirquet test was 
frankly positive. 

Roentgenoscopy.—The roentgen-ray examination of the head showed a 
moderate internal hydrocephalus and a probable tumor above the sella turcica 
March 1, ten days after admission, a slight rigidity of the neck was noticed 
for the first time and from this time on the child grew constantly weaker. 
He was no longer able to support his weight on his feet. His respirations 
became shallow and irregular. There were slight daily fluctuations of tem- 
perature of about 24% degrees. The external strabismus of the right eye became 
more marked; the ptosis continued more prominent in the right eye than in 
the left eye—the pupils reacted slightly to light. The ataxic movements of 
the hand were still noted when the child attempted to reach for objects. 

The drowsiness gradually deepened. March 9, he had the first of a series 
of general convulsions, which continued daily until his removal from the hos- 
pital against advice March 15. No tubercle bacilli were found in the spinal 
fluid on repeated examinations. 

He died at his home March 18, after being under observation forty-two days. 


Comment.—The acquired ptosis and the curious tremor of long 
standing noted in the extremities and the gradually developing paralysis 
of the movements of the eyeballs excepting those produced by the 
external recti, with resulting external strabismus, occurring spon- 
taneously in a child previously wel, lead one to venture the diagnosis 
of tumor of the midbrain, interfering with the nuclei of the third and 
fourth cranial nerves. The ataxia might also be accounted for by 
lesion in this area, involving the red nucleus or cerebellar tracts. 
Toward the end there was certainly meningitis, probably of tuberculous 
origin, associated with hydrocephalus, although the tubercle bacilli 
were not demonstrated. The positive von Pirquet reaction and the 
subsequent development of meningitis suggested that the initial lesion 


in the midbrain was probably tuberculous in origin. 
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Necropsy 4310. March 19, 1915. Dr. Holmes: 


A plastic exudate was found over the base of the brain, extending up to 
the roof of the fourth ventricle; fine tubercles were seen along the course of 
the blood vessels about the base and on the surface of the cerebellum. A 
solitary tubercle, 0.6 cm. in diameter, surrounded by a reddened zone, the 
whole having a diameter of 1 cm. was found in the tip of the temporal lobe. 
Dissection of the brain stem disclosed a large tubercle the size of a hickory 
nut which took the place of the upper surface of the midbrain, the colliculi. 
The foramen of Magendie was patent, but the surrounding cisternae were 
plastered down by exudate. The velum intrapositum was thickened, especially 
on the right. 


[ am indebted to Dr. Adolf Meyer for the following description, 
gross and microscopic, of the tumor: 


REFORT ON EXAMINATION OF TUMOR 


The tumor of the midbrain extends backward and inflates the whole roof 
so that the frenulum disappears and the two fourth nerves come out from 
the side of the tumor. On the forward side, the tumor has a thickness of 
about 18 mm., while the breadth is about 32 mm. The anterior end raises the 
epithalamus and superior commissure, pineal gland and pineal recess exactly 
10 mm. from the transverse ridge of the posterior commissure. The midbrain 
ventricle is only compressed but not occluded. The whole region was cut 
horizontally so as to expose the third nucleus of each side. 

Microscopic Description—The tumor at a level just underneath the mid- 
brain or aqueduct takes up nearly the whole right side of the midbrain from 
close to the median line to the region of the lateral fillet. In the posterior part 
some motor cells are preserved in tissue partly invaded by the tubercle (region 
of fourth nucleus) but the more anterior part of the third nucleus is invaded 
and completely destroyed. 

The left third nucleus is not invaded, at least not in its more lateral part. 
There is no evidence of clean cut and limited destruction of any portion which 
could be made responsible for the ptosis of that side. It is more likely that 
we have to account for the motor restriction by pressure. Practically all the 
cells show dissociation of the Nissl bodies of the nature of fever alteration 
which reduces the possibility of distinguishing the normal and abnormal cells. 
Below the level just described the tumor terminates above the red nucleus 
without, however, invading it definitely. 

In the central part of the tumor there are diffuse islands which have lost 
all nuclei. Only along the blood vessels are there evidences of cellular infiltra- 
tion and residual tubercles. In the more superficial part of the tumor there 
is less necrosis and there is a fairly large number of characteristic giant cells. 
Tubercle bacilli could not be stained in the rather old specimen. On the sur- 
face the pia shows meningitis infiltration. 

The anatomic diagnosis is solitary tubercle of the midbrain and right parietal 
lobe, tuberculous meningitis. 


Comment.—The anatomic findings confirm, in the main, the clinical 
diagnosis and account for the symptoms present, although the bilateral 
character of the ptosis and the paralysis of the ocular muscles would 
have been more easily accounted for if the destruction of the third 
and fourth nuclei could have been demonstrated on both sides. How- 


ever, a mass of the size described must exert marked pressure with 
interference of function in the adjacent structures not directly involved 
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in the tumor. This fact with the well known collateral connections 
between the oculomotor tracts may satisfactorily account for the 
bilateral symptoms. In regard to the ataxia tremor, it is unwise to 
make any dogmatic statement in the presence of tubercular meningitis 
with increased cranial pressure. As, however, the peculiar ataxic 
tremor of the hands was noticed among the very early symptoms, it 
is not unlikely that they were produced by the primary lesion, the 
tuberculoma in the midbrain. 

The general weakness and ataxic gait which came on later were 
probably the result of the meningitis and increased cerebral pressure. 

The occurrence of tremors in cerebral lesions has been discussed 
by Gordon Holmes.* From data from sixty cases with necropsy find- 
ings he concludes that the movements are athetoid when the thalamus 
is involved, are chronic when the midbrain and ganglia are involved 
and true tremor when the lesion is in the midbrain itself. 

Jelliffe ® considers that choreiform and chorei-ataxic movements 
are the result of a lesion in the midbrain with the involvement of the 
superior cerebellar peduncles, whereas those tremors suggesting paral- 
ysis agitans arise from involvement of the red nucleus. 

It would seem more probable that the choreo-ataxic tremor noted in 
my case might be associated with involvement of the superior cerebellar 
peduncles, as the growth itself did not reach the red nucleus. 

Tumors limited strictly to the corpora quadrigeminal bodies must 
be extremely rare. The symptoms produced by a growth beginning in 
this area are due to the involvement of the underlying structures. 

Ferrier and Turner’ have shown that destruction of those bodies 
in monkeys does not result in any permanent phenomena and that the 
colliculae themselves apparently have a small functional value. 

Among the rather infrequent cases, similar to mine in the literature 
should be mentioned those of Nissen,* who out of the large clinical 
material of Elizabeth Hospital, St. Petersburg, has reported five cases 
in which the diagnosis of tubercle of the midbrain was made and in 
three confirmed at necropsy. In the first case, a boy of 3 years, the 
principal symptoms were a gradually increasing ptosis of the right 
eyelid—later of both sides—oculomotor paralysis becoming complete, 
and a spastic paralysis of the left extremities. On section there was 
found a large caseous mass in the right side of the midbrain, involving 
the cerebral peduncle and extending nearly to the roof so as to invade 
the oculomotor nuclei. There was no meningitis and only moderate 
hydrocephalus. 


5. Holmes, G.: Brain 27:327, 1904. 

6. Jelliffe: Interstate M. J. 18:817, 1911. 

7. Ferrier and Turner: Brain 24:27, 1901. 
8. Nissen: Jahrb. f. Kinderh. 54:618, 1901. 
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In the second case, a child 19 months old, certain additional symp- 
toms were noted, namely, some stiffness of the neck and diminution 
of vision. These were explained by pressure in the medulla and bv 
the extension of the caseous tumor into the optic thalamus. 

The fifth case, a child 5 years old, had symptoms suggesting a 
tuberculosis of the brain with paralysis of both sixth nerves and optic 
neuritis. At necropsy an extensive tuberculous exudate involving the 
sixth nerves was found and complete destruction by caseous material 
of the corpora quadrigemina, to which no definite symptoms could be 
attributed. 

Nissen is of the opinion that tumors of the midbrain proper tend 
in their earlier stages to produce only localized effects, that the general 
symptoms of brain tumor referable to increased intracranial pressure, 
such as headache, vertigo and optic atrophy, are more prone to follow 
tumors in other parts of the brain. He calls attention to the fact that 
several tuberculous masses are twice as likely to occur in the brain as 
is a single solitary tubercle. 

Hoppe * has reported a case of a girl, 17 years of age, who died 
after an illness of a year as the result of a tumor in about the same 
situation as that of our patient. The principal symptoms were head- 
ache, double vision, ending in four months in total blindness ; ataxia, 
staggering gait, paralysis of the external recti of both eyes, slight 
ptosis of both eyelids and atrophy of the optic nerve. There was no 
defect in hearing or alteration in sensation. On necropsy, a gliomatous 
mass, 2 by 4 cm., was found involving the corpora quadrigemina and 
extending back into the left cerebellar hemisphere. The nuclei of the 
third and fourth cranial nerves were involved but the blindness was 
due probably to the papilledema of the optic nerve brought about by 
the increased intracranial pressure. This hypertension also exerted 
on the nerve trunk of the sixth nerve might explain the paralysis of the 
external recti. This case confirms the experimental evidence and the 
contention of Nissen and others that neither blindness, deafness, nor 
ataxia are pathognomonic of the disturbed function of the quadrigemina. 

Another important structure in close proximity to the midbrain 
must be considered briefly, namely, the pineal gland, which lies imme- 
diately upon the anterior corpora quadrigemina. 

The pineal gland is the seat not infrequently of hypertrophy, tumors, 
cysts and various degenerative changes which may exert pressure on 
the subjacent structures. The quadrigeminal bodies may be flattened 
or destroyed and the whole midbrain greatly distorted by these masses 
springing from the pineal gland. 


9. Hoppe: J. Nerv. & Ment. Dis. 39:108, 1912. 
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The anatomy, physiology and pathology of the pineal body has been 
extensively studied. Bailey and Jelliffe '° have collected a large series 
of tumors of the pineal gland and Kidd ™ in 1913 summarized all the 
data bearing upon the body. These writers and Skoog ** discuss the 
metabolic changes which may reside in the pineal gland. 

It has been claimed that adiposity and the development of premature 
sexual characteristics result from interference with the function of 
the pineal gland. The reference of these changes directly to the pineal 
body must be accepted with reserve, as Park '* has pointed out that of 
the seventy cases of pineal gland tumors reported symptoms of pre- 
cocious development appear in but five and excessive growth in but 
seven, and that it is quite possible that the occasional results may be 
due to secondary alterations of neighboring structures, as for example 
the pituitary. 

The neurologic signs and symptoms, however, resulting from pineal 
tumor must be considered in discussing the affections of midbrain 
injury. Among them are headache, increased intracranial pressure, 
often with hydrocephalus, giddiness, nausea, drowsiness, isolated eye 
palsies, ataxic gait and tremor. It is evident that many of these symp- 
toms are identical with those produced by primary lesions of the mid- 
brain. 

The order in which certain localizing symptoms develop is of the 
utmost importance in reaching an accurate diagnosis. When the early 
symptoms are general and attributable to increased cerebral pressure, 
such as headache, vomiting, optic atrophy, hydrocephalus, etc., fol- 
lowed, perhaps, by ptosis and oculomotor palsies, one would be inclined 
to place the initial lesion outside of the midbrain—such symptoms 
might result from meningitis or tumor elsewhere, possibly originating 
in the pineal gland. Whereas, as in the case here reported, the limita- 
tion of the symptoms for months to ptosis and paralysis of the oculo- 
motor nerves and tremor without evidence of increased intracranial 
pressure support the diagnosis of an injury beginning in the midbrain, 
and as far as it goes, the absence in my case of any increased rate of 
growth or of sexual development suggest that neither the pineal nor 


pituitary glands were involved. 


I take pleasure in thanking Dr. Adolf Meyer for his kindly interest and 
assistance in describing the specimen, and Dr. John Howland for the oppor- 
tunity of reporting the case from his wards, and Mr. Max Broedel for the 
accurate drawings. 


10. Bailey and Jelliffe: Arch. Int. Med. 8:851 (Dec.) 1911. 

11. Kidd: Neurol. & Psychol. 11:1, 1913. 

12. Skoog: Tr. Sect. Nerv. & Ment. Dis., A. M. A., 1918, p. 241. 
13. Park: Am. J. Dis. Child. 12:477 (Oct.) 1916. 

















CONCERNING DIRECT SMEARS IN. DIPHTHERIA * 


ADRIEN BLEYER, M.D. 


ST. LOUIS 


It is interesting to note how widely divergent have been the expert- 
ences of clinicians concerning the usefulness of direct smears in diph- 
theria, and singularly so to compare the statements in textbooks on 
bacteriology and pathology to those appearing in books on pediatrics 
and medicine, for although the former are in accord that a smear 
suitably secured and stained will, in a large portion of cases, perhaps 
in half or more, furnish good evidence of the presence of diphtheria, 
such a belief, although to be found, does not commonly appear among 
methods deemed suitab'e for the physician. 

The inherent difficulty, it seems, lies in the fact that grown on living 
tissues, the diphtheria bacillus appears in a great variety of forms, and 
that these take stains indifferently well and are, therefore, not so readily 
distinguishable as when obtained in culture. Everyone who has 
attempted to find them knows that this is true, and that because of 
this fact the method may well deserve its reputation for unreliability 
and unpopularity. If one is to make a diagnosis by the recognition of 
these various and varying forms he must possess a degree of familiarity 
with them not usually attained by any but those engaged more or less 
exclusively in this sort of work. So in the present study we decided 
to ignore all these types with which none of us were overly familiar 
and sought to determine whether in direct smears some readily distin- 
guishable form would repeat itself sufficiently often to make search for 
it suitable to laboratory routine for clinicians not possessed of special 
technical training. 

About seventy cases of diphtheria furnished the material, and a 
group of nondiphtheria throats about equal in number were used for 
controls. Specimens were secured from the membrane itself rather 
than from its surface, and this was done because in the formation of a 
diphtheritic patch, diphtheria bacilli are more often caught up in it 
than pushed up on it. The patch in diphtheria is formed, it is said, 
less by these organisms than by the toxins which they produce, and 
the presence of the bacilli in or on or beneath the patch appears to be 
largely haphazard and accidental, but as it forms, and destroyed cells 
are caught up in the exuded fibrin, these bacilli are very likely to be 


enmeshed and may be sought out in nests or clusters which have 


*From the Department of Pediatrics, Washington University School of 
Medicine. Read at a meeting of the St. Louis Pediatric Society, May 21, 1920. 
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Fig. 1. Polar bodies obtained by direct smear from a case of diphtheria on 
the third day of the disease. Greenthal’s stain. 
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Fig. 2.—Nine hours’ culture from the same case. 
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multiplied in situ as on any suitable medium. Because of this fact 
it has been advised that bits of membrane be detached with forceps and 
crushed between cover slips in the hope of finding these clusters. This 
method is said to be quite successful by those who have used it. Some- 
thing of this plan was followed, therefore, forceps being replaced by a 
rigid scoop because easier to manipulate, a small ear curet with slightly 
beveled edge so as not to push the patch about, being used. This was 
scraped directly into the patch here and there, and several specimens 
from different parts of it were secured, or at times it was slipped 
beneath the patch and stroked back and forth over an excursion of a 








iz 








Fig. 3.—A cluster of polar bodies obtained by direct smear from a case of 
nasal diphtheria. 


centimeter or more to break through the arcades by which the diph- 
theritic patch is customarily attached to the mucosa beneath, the scoop 
of the instrument in this case being directed away from the mucous 
membrane. Several specimens were placed on the same slide, spread 
about without the addition of water, dried in air or over the flame and 
stained. Cocainizing throats, practiced at the hospital last summer 
in beginning this work, was not found essential and was not continued. 

In selecting a stain, one practicable and easy to use in routine, the 
Neisser stain was tried and found very unsatisfactory for one not 


constantly using it and for physicians who do not devote a considerable 
amount of time to technic, it would not appear to be in any way nor for 














448 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


any reason the stain of choice, for any stain which by depth of shade 
alone can differentiate distinctly and discretely the granules from the 
body of this bacillus, makes it discernible with ease, without contrast of 
color as sought by the Neisser stain. Indeed, most other stains claim 
a certain contrast in color, but it was never possible in this work to 
identify a diphtheria bacillus granule by its violet shade as opposed 
to the blue color of the remainder of the organism. Of several stains 
tried, Ponder’s and Greenthal’s seemed to serve better than others. 
Loeffler’s stain did not usually give so light a field nor so clear and 











Fig. 4.—Thirty-six hours’ culture from the same case. 


distinct differentiation between granules and body as did either of 
those mentioned. The hanging drup of. water over a well slide, as 
advised by Ponder, was tried and found of no material aid. This 
method does not, insofar as we could judge, give any better definition 
of the organism although slight increased magnification, because of the 
water, is achieved. But this magnification is not essential, as the 
bacillus and its granules are large enough to be seen with ease with 
careful focussing over a strong white light. It seemed that a No. 10 
ocular gave the best results, some definition being sacrificed by this 
ocular, however, for increased magnification. 
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Greenthal’s stain’ is an acid stain in which crystal violet is 
replaced by kresylecht violet. It was found almost impossible to use 
it incorrectly, which, as was said, is a very great advantage for those 
not devoting a great deal of time to bacteriologic work. A half minute 
or a minute usually suffices, but it was left on much longer at times 
without overstaining. Greenthal’s stain, four months old, has been 


found still working well. 
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Fig. 5.—Cluster of polar bodies obtained by direct smear from a case of 
diphtheria on the third day. 


Recognition.—Diphtheria bacilli of the true polar type, suitably 
stained, are said to be distinguishable from all other organisms ( Park), 
and are differentiated from pseudotypes by their length and form 
and the sharpness of staining of the granules. This was learned with- 
out trouble by comparison with young cultures. The body must be 
stained faintly, but seen distinctly and clearly from one end to the other 
through their entire length. This simple precaution having been taken, 
it is not difficult ordinarily to distinguish the diphtheria bacillus of this 


1. Kresylecht violet, 0.07 gm.; methylene blue, 0.10 gm.; glacial acetic acid, 
3.00 c.c.; water, 100,00 c.c. These dyes were procured, as were those used by 
Greenthal, from Eberbach & Son, Ann Arbor, Mich. Am. J. Dis. Child. 18:25 
(July) 1919. 
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Fig. 6—Polar bodies obtained by direct smear from a case of diphtheria on 
the seventh day. 











Fig. 7—Almost pure growth of beaded and clubbed forms obtained by direct 
smear in diphtheria. 
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type from other bacilli very commonly met with which do not take the 
stain uniformly, and, therefore, present areas of deep staining which 
show as false beading and may be so recognized. By length alone there 
is probably a degree of safety in differentiating them from the common 
pseudo-bacillus of Hoffman which, taken from living tissues or in cul- 
ture, is usually short. Both these precautions are costly and extrava- 
gant and would not do at all in the hands of a bacteriologist able to 
reckon with the true diphtheria bacillus of irregular staining and short 
form but it had been our experience that, were all of these included, as 




















Fig. 8.—Polar bodies of diphtheria obtained by direct smear from the ear. 
This slide had been judged “probable” and became “positive” when photo- 
graphed. 


well as the very numerous varieties which must be helpful to him who is 
familiar with them all, the value of the work to us would have been 
nil, and we should have believed, as do many others, that for the 
clinician, at least, direct smears in diphtheria are unreliable and 
impracticable. Therefore, rather than searching for dissimilarity, we 
sought organisms uniform in type and indistinguishable from each 
other, and when these were reasonably abundant, and we were satisfied, 
we called them positive. Judged in this very restricted and safe way, 
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Fig. 10—Showing that at 
picked out, one at a time. 














times very characteristic polar bodies may be 















































Fig. 12.—Vincent’s angina and diphtheria coexistent. 




















454 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


we encountered, now and then, a culture of these, grown on living 
tissues, as numerous and as easily stained and recognizable as are 
those grown on media in the incubator. In the entire series this 
occurred in twelve cases, or 17 per cent., which is not high, but suff- 
ciently high to make the test practicable and worth while, for there is 
probably no disease, with the single exception of meningitis, in which 











Fig. 13.—“Safety-pins,” a pseudodiphtheria bacillus encountered several 


times in nondiphtheritic membranous sore throat. 


a diagnosis is at all times so urgent as in diphtheria, and if direct 
smears can save a few hours’ time, in even this small percentage of 
cases, they should not be put aside altogether. 

Some of these positive slides showing diphtheria bacilli as well 
beaded and as readily recognizable as from any culture, have been 
photographed.* Comparison may be made between Figures 1 and 3, 

3. Great credit must be given to the photographer, Mr. A. M. Obrecht of 


the medical school, for the excellent results he achieved in making these 


pictures. 
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showing diphtheria bacilli obtained by direct smear and Figures 2 


and 4, which are cultures nine and thirty-six hours old respectively. 

Most of these slides were made from cases of diphtheria which 
were clinically more or less obvious but we have all seen cases of 
more or less obvious diphtheria which were not diphtheria, and 
three or four were from types in which additional information was 




















Fig. 14—Heavily staining long bacilli, some of them beaded, beads occurring 
closely together, classed “negative.” Occasional slender bodies, not beaded, some 
streptococci and other bodies. 


most welcome. The duration of the disease, as well as could be ascer- 
tained, was from two to fourteen days as follows: 

One case on the second day. 

Three cases on the third day. 

Four cases on the fourth day. 

Two cases on the fifth day. 

One case on the seventh day. 

One case on the fourteenth day. 
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Fig. 15.—Beaded bodies resembling K-L, but because of lack of 
length, thickness and beading, classed as “negative.” 


uniformity in 








Fig. 16—Diphtheroid angina (Vincent). 



































17. Large deeply staining bacilli, taking stain irregularly, one of the com- 
monest forms to confuse one in direct smears from the throat. 








_18. Irregularly staining bodies not distinguishable by direct smear. In lower 
left corner probable K-L. 
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In one of the doubtful cases, there was a shreddy loosely attached 
patch which was not at all suggestive; two cases presented typical 
follicular tonsillitis, which was diphtheritic, and two cases showed 
sloughy patches in which Vincent's angina and diphtheria coexisted. 

Probable Smears.—I\t was the purpose of this work to find polar 
bodies by direct smear in every case in which they were present. 


Several specimens were taken from various parts of the membrane 





Fig. 19.—Scoop used for obtaining direct smears from a diphtheritic mem- 


brane (one-half [?] actual size). 


and these were searched through with more or less thoroughness. 
We found that were this search continued long enough organisms 
which were beaded could almost always be found, and for a time 
we thought that prolonged search for a few or even for one or two 
of these more or less typical in appearance, would be as satisfactory 
for diagnosis as finding polar bodies in large numbers. We had to 
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put this aside, however, and concluded that for any but the highly 
experienced technician such conclusions would be very hazardous. We 
never quite gave up the idea that adequate searching of any direct 
smear might be useful and we have reserved a rather large group 
from among the slides which were not definitely positive which we 
wish to call not negative but probable. These amounted to 42 per 
cent. and included, among others, a form which we did not include 
in the positive group, namely, the short, clubbed form which Nuttal 
and Graham-Smith say can usually be found in direct smears. No 
doubt, in the hands of those familiar with the variations of form 
assumed by the diphtheria bacillus as it occurs on living tissues, many 
of these slides which we called probable would have become positive, 
but even we, as clinicians and not bacteriologists, may be justified 
in attaching a certain clinical value to such evidence just as to any 
clinical signs, which although present are ill-defined and uncertain 
but would, as any clinical signs, become less so with increasing famil- 


iarity with them. 


Negative Smears.—Specimens secured from cases of known dipth- 
theria which failed to reveal any evidence of the presence of Klebs- 
Loeffler bacilli, amounted to 41 per cent., and were so classed because 
neither polar bodies nor any other readily distinguishable form could 
be found. This was the group most difficult to deal with, most time 
consuming and, of course, unprofitable, but still we think not wholly 
without interest for the reason that on several occasions other condi- 
tions were discovered which could not have been found in any other 
way. 

Figures 13, 14, 15, 16, 17 and 18 were selected from among a 
rather large group of negative slides to show varieties of organisms 
which are likely to confuse one in searching for diphtheria bacilli 


and whose interpretation we believe should be left to the expert. 


CONCLUSIONS 


In a small proportion of cases, a bacteriologic diagnosis of diph- 
theria can be made by direct smear as well as by culture. Contrary 
to widespread belief this is available to the clinician not possessed 
of any unusual skill or training in this sort of work and affords a 
simple and very exact aid to the diagnosis of diphtheria. In this 
series this occurred in one in about five or six cases and does not 
represent what might occur in the hands of another observer. Prob- 
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ably the unpopularity of direct smears in diphtheria is due to expect- 
ing too much of them rather than because of any difficulty inherent 
to the method, for if one seeks those forms with which he is familiar 
and trusts his judgment to no others, he is entitled to feel as sure of 
the opinion formed as in dealing with any organism whose morphology 


is currently used as an aid to diagnosis. 


Thirty cents each will be paid for the following 
issues of the AMERICAN JOURNAL OF DISEASES OF 
CHILDREN: January, 1913; February, March, Novem- 
ber and December, 1914; January and August, 1915; 
January, 1918; March and April, 1919. Address to 
AMERICAN MEDICAL ASSOCIATION, = 535 


North Dearborn Street, Chicago, II]. 
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